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1 . REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the patent application U.S. Serial No. 09/665,350 recorded July 9, 2001, at Reel 
011964 and Frame 0181. 

2. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to a polypeptide referred to 
herein as 'TR0217". There exist two related patent apphcations, (1) U.S. Serial No. 09/906,742, 
filed July 16, 2001 (containing claims directed to polynucleotides encoding PR0217 
polypeptides), and (2) U.S. Serial No. 09/904,01 1 , filed July 1 1 , 2001 (containing claims directed 
to antibodies that bind PR0217 polypeptides). Both applications are also under final rejection 
fi-om the same Examiner and based upon the same outstanding rejection, and appeal of these final 
rejections is being pursued independently and concurrently herewith. 

3. STATUS OF CLAIMS 

Claims 39-46 and 49-51 are in this apphcation. 
Claims 1-38 and 47-48 are canceled. 

Claims 39-46 and 49-51 stand rejected and Appellants appeal the rejection of these 

claims. 

A copy of the rejected claims involved in the present Appeal is provided as Appendix A. 

4. STATUS OF AMENDMENTS 

The claims involved in the appeal have been amended by an amendment filed 
concurrently with this appeal brief The claims listed in the Appendix incorporate this 
amendment. 
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5. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to an isolated polypeptide 
comprising the amino acid sequence of the polypeptide of SEQ ID N0:4; the amino acid 
sequence of the polypeptide-of SEQ ID N0:4, lacking its associated signal peptide; or the amino 
acid sequence of the polypeptide encoded by the full-length coding sequence of the cDNA 
deposited under ATCC accession number 209256 (Claims 44-46 and 49). The invention is 
further directed to polypeptides having at least 80%, 85%, 90%, 95%, or 99% amino acid 
sequence identity to the amino acid sequence of the polypeptide of SEQ E) N0:4; the amino acid 
sequence of the polypeptide-of SEQ ID N0:4, lacking its associated signal peptide; or the amino 
acid sequence of the polypeptide encoded by the full-length coding sequence of the cDNA 
deposited under ATCC accession number 209256, wherein the polypeptide is capable of 
stimulating proliferation of T-lymphocytes (Claims 39-43). The invention is further directed to a 
chimeric polypeptide comprising one of the above polypeptides fused to a heterologous 
polypeptide (Claim 50), and to a chimeric polypeptide wherein the heterologous polypeptide is 
an epitope tag or an Fc region of an immunoglobulin (Claim 51). 

The full-length PR0217 polypeptide having the amino acid sequence of SEQ ID N0:4 is 
described in the specification at, for example, page 35, lines 3-15, page 99, lines 17-29, in Figure 
4 and in SEQ ID N0:4. The cDNA nucleic acid encoding PR0217 is described in the 
specification at, for example. Example 2, in Figure 3 and in SEQ ID N0:3. Page 58, lines 33-36 
of the specification provides the description for Figures 3 and 4. PRO polypeptide variants 
having at least about 80% amino acid sequence identity with a full length PRO polypeptide 
sequence or a PRO polypeptide sequence lacking the signal peptide are described in the 
specification at, for example, page 57, lines 2-14, while PRO polypeptide variants having at least 
about 80% sequence identity to an amino acid sequence encoded by any of the disclosed human 
cDNAs deposited with the ATCC are described in the specification at, for example, page 57, 
lines 15-27. The preparation of chimeric PRO polypeptides, including those wherein the 
heterologous polypeptide is an epitope tag or an Fc region of an immunoglobulin, is set forth in 
the specification at page 116, lines 12-35. Examples 53-56 describe the expression of PRO 
polypeptides in various host cells, including E. coli, mammalian cells, yeast and Baculovirus- 
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infected insect cells. PR0217 is described as a polypeptide having homology to epidermal 
growth factor (EGF)-like proteins (page 2, line 8, to page 3, line 38, and page 99, lines 17-29). 

Example 74 shows that PR0217 tested positive in the mixed lymphocyte reaction (MLR) 
assay, demonstrating that PR0217 is active as a stimulator of the proliferation of stimulated T- 
lymphocytes, and therefore would have utility in the treatment of conditions where the 
enhancement of an immune response would be beneficial. In addition. Example 69 shows the 
ability of PR0217 to induce endotheUal cell apoptosis, using HUVECs as a model system, while 
Example 77 shows that PR0217 tested positive in the skin vascular permeability assay. 

6, GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

L Whether the data generated in the MLR assay (Example 74) satisfies the utility requirement 
of 35 U.S.C. § 101 such that claims 39-46 and 49-5 1 should be accorded the priority of U.S. 
provisional application Serial No. 60/100,858 filed on September 17, 1998. 

n. Whether Claims 39-43 and 50-51 satisfy the enablement requirement of 35 U.S.C. § 112, 
first paragraph. 

m. Whether Claims 39-43 are patentable under 35 U.S.C. §102 over Hsieh et al (Nature 
398:431-436 (1999)) and Brewer et al (WO 98/54963, pubUshed December 10, 1998). 

IV. Whether Claims 44-46 and 49 are patentable under 35 U.S.C. §102 or alternatively under 
35 U.S.C. §103 over Hsieh et al (Nature 398:431-436 (1999)) and Brewer et al (WO 
98/54963, pubhshed December 10, 1998). 
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7. ARGUMENT 
Summary of the Arguments: 

Issue I: Utility 

Although the Examiner has granted utiUty for the claimed PR0217 polypeptide based 
upon its activity of inhibiting VEGF stimulated proliferation of adrenal cortical capillary 
endothelial cells, Appellants submit that data derived from the mixed leukocyte reaction (MLR) 
assay, first disclosed in U. S. Application Serial No. 60/100,858 filed September 17, 1998, is also 
sufficient to establish a patentable utility for the claimed PR0217 polypeptide. Appellants rely 
upon this utility in order to provide an effective filing date of September 17, 1998. 

The MLR is a well-established assay for evaluating test compounds for their ability to 
stimulate T-lymphocyte proliferation in vitro. The MLR assay has been used to identify 
immunomodulatory compounds, such as tepoxalin or tautomycetin, which have been shown to 
have real world utility in the suppression of graft rejection. The specification explains that 
compounds which stimulate proliferation of lymphocytes in this assay, such as PR0217, "are 
usefiil therapeutically where enhancement of an immune response is beneficial." Stimulators of 
T-cell proliferation find utility in fighting viral infections, including retroviral infections, such as 
HIV infection or Epstein-Barr infection, as well as in the treatment of cancers such as melanoma. 

Appellants have also submitted, with their PreUminary Amendment filed July 12, 2004, 
the Declaration of Dr. Sherman Fong. Dr. Fong provides examples of important clinical 
applications for immune stimulants which have been shown to stimulate T-cell proliferation in 
the MLR assay, such as the chemokine IL-12, used in the treatment of melanoma. Dr. Fong 
concludes that "a PRO polypeptide shown to stimulate T-cell proliferation in the MLR assay of 
the present invention with an activity at least 180% of the control, as specified in the present 
application, is expected to have the type of activity as that exhibited by IL-12, and would 
therefore find practical utility as an immune stimulant." 

The Examiner has asserted that "the results of the MLC (a.k.a. MLR) assay do not 
support a specific and substantial utility for the claimed invention because the assay is not 
predictive of immxme response in general, and one of ordinary skill in the art would not expect a 
stimulatory effect in the MLC assay to correlate to a general stimulatory effect on the immune 
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system, absent evidence to the contrary." (Page 6 of the Office Action mailed October 1, 2004). 
hi support of the assertion that "the MLC assay, which is art recognized for determining 
histocompatibility, does not appear to be predictive of general immune response in vivo,'' the 
Examiner has cited references by Kahan et al., Picotti et al and Campo et aL 

Appellants submit that the Examiner applied an improper legal standard when making 
this rejection. The applicant does not have to prove that a correlation exists between a particular 
activity and an asserted therapeutic use of a compound as a matter of statistical certainty. The 
evidentiary standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the totality of the evidence under consideration. Thus, to overcome the 
presumption of truth that an assertion of utility by the appUcant enjoys, the Examiner must 
establish that it is more likelv than not that one of ordinary skill in the art would doubt the truth 
of the statement of utility. Only after the Examiner has made a proper prima facie showing of 
lack of utility, does the burden of rebuttal shift to the apphcant. 

The Examiner has provided a detailed discussion of alleged inadequacies in the MLR 
protocol disclosed in the instant specification, including the supposed absence of essential 
controls. Appellants submit that the Examiner has misinterpreted the focus of the assay 
disclosed in the specification. The purpose of the assay is not to test the properties of the 
stimulator cells, as in a typical MLR assay, but to test the ability of a protein, such as PR0217, to 
enhance the expected response of the T cells, thus demonstrating general immunostimulant 
activity. 

Appellants fiirther submit that the Examiner has not shown that a lack of correlation 
between results of the MLR assay in vitro and immunomodulatory activity in vivo is typical . In 
fact, Picotti et aL and Campo et al support Appellants* position that the in vitro MLR assav can 
and has been successftillv used to identify compounds having immunomodulatorv activity in 
vivo. 

The Examiner takes issue with Dr. Pong's statement that "[t]he MLR assay of the present 
application is designed to measure the ability of a test substance to 'drive' the dendritic cells to 
induce the proliferation of T-cells that are activated, or co-stimulated in the MLR, and thus 
identifies immune stimulants that can boost the immune system to respond to a particular antigen 
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that may not have been immunologically active previously," asserting that this statement is not 
supported in the specification as filed. Appellants submit that one of skill in the art would have 
understood at the time of filing that (i) molecules which enhanced the proliferation of stimulated 
T-cells would increase the abilitv of dendritic cells to convert antigens to immunogens. and (ii) 
such stimulatorv molecules would allow antigens that were not usuallv immunogenic, such as 
known melanoma or viral antigens, to become immunogenic. This conclusion would have been 
apparent to the skilled artisan based solely upon knowledge about dendritic cells and their role in 
antigen presentation that was widely known in the art at the time of filing. 

Accordingly, Appellants submit that the MLR assay suffices to provide patentable utility 
for the subject matter of the instant claims. The claims are therefore entitled to the September 
17, 1998, priority date of U.S. Provisional Apphcation No. 60/100,858 in which the results of 
this assay were first disclosed. 

Issue II: Enablement 

Claims 39-43 and 50-51 stand rejected under 35 U.S.C. §1 12, first paragraph, because the 
specification allegedly "does not reasonably provide enablement for a polypeptide not identical to at 
least the mature form of SEQ ID N0:4 which is capable of stimulating prohferation of T- 
lymphocytes." (Page 8 of the Office Action mailed October 1, 2004). The Examiner has asserted 
that "the basis for this limitation is found in Example 74, which has been shown not to support 
utility for the claimed invention, and therefore, is likewise, not enabled." (Page 7 of the Office 
Action mailed July 15, 2003). 

Appellants submit that, as discussed above, the MLR assay demonstrates utility for the 
PR0217 polypeptide for the treatment of conditions where the stimulation of lymphocyte 
proliferation would be desirable, including viral infections such as HIV and Epstein-Barr, and 
cancers such as melanoma. Based on such a utility, one of skill in the art would know exactly 
how to use the claimed polypeptides for the treatment of viral infections and cancer, without any 
undue experimentation. 

Appellants note that the claimed variants, in addition to having at least 80% amino acid 
sequence identity to SEQ ID N0:4, also have the fimctional limitation that " the polvpeptide is 
capable of stimulating proliferation of T-lvmnhocvtes ." Thus the claimed variants all share the 
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disclosed utility of the PR0217 polypeptide as an immunostimulant . The specification provides 
ample guidance to allow the skilled artisan to identify those polypeptide variants which meet the 
limitations of the claims, including a detailed protocol for the MLR assay. The specification also 
provides detailed guidance as to how to identify and make polypeptides having at least 80% 
amino acid sequence identity to PR0217 (SEQ ID N0:4). Accordingly, one of ordinary skill in 
the art would understand how to make and use the recited polypeptide variants without any 
undue experimentation. 

Issue III: Anticipation by Hsieh et aL and/or Brewer et al. WO 98/54963 

Claims 39-43 stand rejected under 35 U.S.C. § 102(a) as being anticipated by Hsieh et al 
(Nature 398:431-436, pubUshed April 1, 1999). Claims 39-43 further stand rejected under 35 
U.S.C. §102(b) as being anticipated by Brewer et al (WO 98/54963, published December 10, 
1998). 

The instant appUcation claims priority to U.S. Provisional Application Serial No. 
60/100,858, filed on September 17, 1998, over six months before the pubUcation date of Hsieh et 
al and over two months before the publication date of Brewer et al U.S. Provisional 
Application Serial No. 60/100,858 first disclosed that the PR02 17 polypeptide tested positive in 
the MLR assay. 

The instant application has not been granted the earlier priority date on the grounds that 
"a review of the instant application and this assay do not lead to a conclusion of utility based on 
this assay, and therefore, priority to the provisional application is not afforded." (Page 3 of the 
Office Action mailed October 1, 2004). 

Appellants respectfiiUy submit that as discussed above under Issues I and U, the presently 
claimed invention is supported by a specific, substantial and credible utility and, therefore, the 
present specification teaches one of ordinary skill in the art "how to use" the claimed invention 
without undue experimentation. Accordingly, the instant application is entitled to the effective 
filing date of September 17. 1998, and thus neither Hsieh et al nor Brewer et al is prior art. 

Issue IV: Anticipation or Obviousness over Hsieh et al. and/or Brewer et aU WO 98/54963 

Claims 44-46 and 49 stand rejected under 35 U.S.C. § 102(a) as being anticipated by, or, 

in the altemative, under 35 U.S.C. § 103(a) as obvious over Hsieh et al Claims 44-45 and 49 
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further stand rejected under 35 U.S.C. §102(b) as being anticipated by, or, in the alternative, 
under 35 U.S.C. §103(a) as obvious over Brewer et al 

As discussed above, the instant apphcation is entitled to priority to U.S. Provisional 
Application Serial No. 60/100,858, and to the effective filing date of September 17, 1998. Thus 
neither Hsieh et al nor Brewer et al is prior art. 

These arguments are all discussed in further detail below under the appropriate headings. 

ISSUE I: The Data Generated in the MLR Assay Satisfies the Utility Requirement of 35 
U.S.C, S 101 for Claims 39-46 and 49-51 

Appellants have asserted that U.S. Application No. 60/100,858, filed September 17, 
1998, discloses stimulatory activity in the mixed leukocyte reaction (MLR) assay, and that the 
data generated in the MLR assay (shown in Example 74 of the instant specification) establish 
patentable utility for the claimed PR0217 polypeptides. The Examiner has asserted that 
although "the claimed invention has met the utility requirement based on its activity of inhibiting 
VEGF stimulated proliferation of adrenal cortical capillary endothelial cells ... the invention 
lacks utility based on the assertion that the claimed invention could be used therapeutically to 
enhance the immune response in an individual." (Page 3 of the Office Action mailed October 1, 
2004). 

Appellants submit, for the reasons set forth below, that the MLR assay disclosed in 
Example 74 of the specification provides at least one credible, substantial and specific asserted 
utility for the claimed PR0217 polypeptides. 

A. The Legal Standard for Utility 

According to 35 U.S.C. § 101: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a 
patent therefor, subject to the conditions and requirements of this title. (Emphasis 
added.) 

In interpreting the utility requirement, in Brenner v. Manson^ the Supreme Court held that 
the quid pro quo contemplated by the U.S. Constitution between the public interest and the 

' Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 
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interest of the inventors required that a patent applicant disclose a "substantial utility" for his or 
her invention, i.e. a utility "where specific benefit exists in currently available form." The Court 
concluded that "a patent is not a hunting license. It is not a rev^ard for the search, but 
compensation for its successfixl conclusion. A patent system must be related to the world of 
commerce rather than the realm of philosophy."^ 

Later, in Nelson v. Bowie/ the C.C.P.A. acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may not 
establish a specific therapeutic use. The court held that "since it is crucial to provide researchers 
with an incentive to disclose pharmaceutical activities in as many compounds as possible, we 
conclude adequate proof of any such activity constitutes a showing of practical utility."^ 

In Cross v. lizuka^ the CA.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "/w vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
resuhs with the particular pharmacological activity are generally predictive of in vivo test resuhs, 
i.e. there is a reasonable correlation there between."^ The court perceived "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 
practical utility."^ 

Furthermore, M.P.E.P. 2107.03 (EI) states that: 

"If reasonably correlated to the particular therapeutic or pharmacological utility, data 
generated using in vitro assays, or from testing in an animal model or a combination 
thereof almost invariably will be sufficient to establish therapeutic or pharmacological 
utility for a compound, composition or process." 

^ Id. at 534, 148 U.S.P.Q. (BNA) at 695. 
^ Id. at 536, 148 U.S.P.Q. (BNA) at 696. 

^ Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 
^ Id at 856, 206 U.S.P.Q. (BNA) at 883. 

^ Cross V. lizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 
' Id. at 1050, 224 U.S.P.Q, (BNA) at 747. 
' Id 
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Thus, the legal standard accepts that in vitro or animal model data is acceptable utility as 
long as the data is "reasonably correlated" to the pharmacological utility described. 

The case law has also clearly established that applicants' statements of utility are usually 
sufficient, unless such statement of utihty is unbelievable on its face.^ The PTO has the initial 
burden to prove that applicants' claims of usefulness are not believable on their face.^^ In 
general, an Applicant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S.C. §101, "imless there is a reason for one skilled in the 
art to question the objective truth of the statement of utility or its scope."^\ 

CompUance with 35 U.S.C. §101 is a question of fact.^^ The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 
totality of the evidence under consideration.^"^ Thus, to overcome the presumption of truth that 
an assertion of utility by the applicant enjoys, the Examiner must estabUsh that it is more Hkely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the applicant. The issue will then be decided on the totaUty of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 
("Utility Guidelines'')^^, which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a ^Svell-established utility." Under the Utility Guidelines, a utility is "specific" when it 
is particular to the subject matter claimed. For example, it is generally not enough to state that a 

' In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 
Ibid. 

In reLanger, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

See also In reJoiles, 628 F.2d 1322, 206 U.S.P.Q. 885 (C.C.P.A. 1980); In re Irons, 340 F.2d 974, 144 
U.S.P.Q. 351 (1965); /« re Sichert, 566 F.2d 1154, 1159, 196 U.S.P.Q. 209, 212-13 (C.C.P.A. 1977). 

Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835 (1984). 

In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 1992). 
66 Fed. Reg. 1092(2001). 
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nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the pubUc" 
or similar formulations used in certain court decisions to mean that products or services based on 
the claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial' utility."^^ hideed, the Guidelines for Examination of Applications for 
Compliance With the Utility Requirement,*^ gives the following instruction to patent examiners: 
"If the applicant has asserted that the claimed invention is useful for any particular practical 
purpose . . . and the assertion would be considered credible by a person of ordinary skill in the 
art, do not impose a rejection based on lack of utility." 

B. The Data and Documentary Evidence Supporting a Patentable Utility 

Appellants submit that the mixed lymphocyte reaction (MLR) assay described in 
Example 74 is sufficient to estabUsh patentable utility under 35 U.S.C. §101 for the PR0217 
polypeptide. The positive result for PR0217 in the MLR assay, described in Example 74, at 
pages 208-209 of the specification, demonstrates that PR0217 is active as a stimulator of the 
proliferation of stimulated T- lymphocytes. 

The MLR is a well-established assay for evaluating test compounds, such as the PR0217 
polypeptide, for their ability to stimulate T-lymphocyte proliferation in vitro, and consequently, 
for assessing the immime response of an individual The MLR assay is well-described in 
standard textbooks, including, for example. Current Protocols in Immunology, unit 3.12; edited 
by J E Coligan, A M Kruisbeek, D H Marglies, E M Shevach, W Strober, National Institutes of 
Health, Published by John Wiley & Sons, Inc., which is referenced in Example 74, and the entire 
content of which is expressly incorporated bv reference into the disclosure of the present 

M.P.E.P. §2107.01. 
M.P.E.P. §2107 II (B)(1). 
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application (see page 208, lines 33-35). In brief, in this method, an immune response results 
upon mixing T-cells from antigenically distinct individuals under cell culture conditions. An 
MLR reaction can be monitored quantitatively by, for example, follov^ing the incorporation of 
tritiated thymidine during DNA synthesis, or by observing blast formation, or by other methods 
well known in the art. 

According to the specification, positive increases over control in this assay are considered 
to be positive results, with increases of greater than or equal to 180% being preferred. However, 
any value greater than control indicates a stimulatory effect for the test protein. PR0217 (SEQ 
ID NO: 4) tested positive in this assay, using the described criteria. Example 74 further explains 
that compounds which stimulate proliferation of lymphocytes in this assay "are useful 
therapeutically where enhancement of an immune response is beneficial." Accordingly, PR0217 
has utility in the treatment of conditions where the stimulation of lymphocyte proliferation would 
be desirable. 

In support of this assertion, Appellants submit that the MLR assay has been extensively 
used and is the best in vitro model for screening immunosuppressive agents for use in the 
prevention of graft-versus-host disease and graft rejection. It is well known that the 
transplantation of tissues or organs between individuals with MHC incompatibiUties quickly 
activates the recipient's immune system which then attempts to destroy the transplanted tissue or 
organ. Transplantation across minor histocompatibility loci generally induces a more indolent 
response. Physicians analyze the major and minor histocompatibility differences to predict the 
success of the graft and to adjust the aggressiveness of immunosuppressive therapy. 

Inhibitors of the MLR find utility in suppressing unwanted immune response, and thus 
suppress unwanted graft rejection. For example, the ability of tepoxalin, an immunomodulatory 
compound, to suppress graft-versus-host reaction, has been demonstrated using the MLR assay 
(Fung-Leung et al. Transplantation 60:362-8 (1995); submitted with the Response filed 
September 8, 2003). Other immunosupressants have also been routinely identified using the 
MLR assay. For example, the immunosuppressive efficacy of SNF4435 and D, produced by a 
strain of Streptomyces spectabilis, has been tested using the MLR assay. As recently as 2002, the 
immunosuppressive effect of tautomycetin (TMC) was assessed with mixed lymphocyte 
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reactions, and confirmed in vivo using TMC-treated rats that received a heterotopic cardiac 
allograft (Shim et al, Proc. Natl Acad, Sci USA 99(16):10617-10622 (2002); made of record in 
the Response filed September 8, 2003). Based upon the MLR data, the authors were able to 
conclude with confidence that "TMC has the capacity to inhibit the intracellular signaling 
pathway leading to T cell activation and proliferation." (See page 10621, second column). 

Thus, the art as a whole clearly establishes that the mixed lymphocvte reaction (MLR) is 
a widely used in vitro assay for identifying immunomodulatory compounds . 

In fiirther support of utility based upon the MLR assay, Appellants have submitted (with 
their Preliminary Amendment filed July 12, 2004) the Declaration of Sherman Fong, Ph.D. Dr. 
Fong is an inventor of the above-identified patent application, and an experienced scientist 
familiar with the MLR assay, which was used by him and others under his supervision, to test the 
immune stimulatory or immune inhibitory activity of novel polypeptides discovered in 
Genentech's Secreted Protein Discovery Liitiative project, including PR02 17. 

The Fong Declaration explains how the MLR reaction was performed in the instant 
appUcation using peripheral blood mononuclear cells (PBMCs), which contain responder T-cells, 
and allogenic, pre-treated (irradiated) PBMCs, which predominantly contained dendritic cells. 
Dr. Fong proceeds to explain (paragraph 7 of the Declaration) that dendritic cells are potent 
antigen-presenting cells that are able to "prime native T cells in vivo,'' Once activated by 
dendritic cells, the T-cells are capable of interacting with other antigen-presenting cells (B cells 
and macrophages) to produce additional immune responses fi-om these cells. 

As Dr. Fong states, the MLR assay of the present application 

is designed to measiire the ability of a test substance to "drive" the dendritic cells 
to induce the proliferation of T-cells that are activated, or co-stimulated in the 
MLR, and thus identifies immune stimulants that can boost the immune system to 
respond to a particular antigen that may not have been immunologically active 
previously. (Paragraph 8 of the Fong Declaration.) 

As Dr. Fong emphasizes, immunostimulants are important and highly desirable in the 
treatment of cancer and in enhancing the effectiveness of previously identified treatments for 
cancer. Supportive evidence also comes fi-om teachings in the art such as Steinman et al 
(submitted as Exhibit B with the Preliminary Amendment filed July 12, 2004) who state that 
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. .medicine needs therapies that enhance immunity or resistance to infections and tumors" 

(page 1, column 1, line 7; emphasis added). 

In paragraph 9 of his Declaration, Dr. Fong provides examples of important clinical 
applications for immune stimulants which have been shown to stimulate T-cell proliferation in 
the MLR assay. As Dr. Fong explains, 

"IL-12 is a known immune stimulant, which has been shown to stimulate T-cell 
proliferation in the MLR assay. IL-12 was first identified in just such an MLR 
[Gubler et al. PNAS 88. 4143 (1991) (Exhibit C)]. In a recent cancer vaccine 
trial, researchers fi-om the University of Chicago and Genetics Institute 
(Cambridge, MA) have demonstrated the efficacy of the approach, relying on the 
immune stimulatory activity of IL-12, for the treatment of melanoma. [Peterson et 
al. Journal of Clinical Oncologv 21 (12). 2342-48 (2003) (Exhibit D)] They 
extracted circulating white blood cells carrying one or more markers of melanoma 
cells, isolated the antigen, and returned them to the patients. Normally patients 
would not have an immune response to his or her own human antigens. The 
patients were then treated with different doses of IL-12, an immune stimulant 
capable of inducing the proliferation of T cells that have been co-stimulated by 
dendritic cells. Due to the immune stimulatory effect of IL-12, the treatment 
provided superior results in comparison to earUer work, where patients' own 
dendritic cells were prepared fi-om peripheral blood mononuclear cells (PBMCs), 
treated with antigens, then cultured in vitro and retumed to the patient to stimulate 
anti-cancer response. [Thumer et al. J. Exp. Med. 190 (1 1), 1669-78 (1999) 
(Exhibit E)y 

Dr. Fong concludes that (paragraph 10): 

It is my considered scientific opinion that a PRO polypeptide shown to stimulate 
T-cell proliferation in the MLR assay of the present invention with an activity at 
least 180% of the control, as specified in the present application, is expected to 
have the type of activity as that exhibited by IL-12, and would therefore find 
practical utility as an immune stimulant." 

Accordingly, the positive results obtained in this assay clearly establish the 
immunostimulant utility for the polypeptides claimed in the present application, and the 
specification, in tum, enables one skilled in the art to use the compounds for the asserted 
purpose. 

The Examiner has asserted that "the specification fails to provide any data or evidence of 
the results of the assay, therefore, one of ordinary skill in the art cannot evaluate the conclusion." 
(Page 5 of the Office Action mailed October 1, 2004). Appellants respectfiiUy submit that the 
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specification clearly discloses that PR0217 tested positive in the MLR assay. The Fong 

Declaration reinforces the teachings of the specification that a PRO polypeptide with an activity 

in the MLR assay of at least 180% of the control is expected to have the type of activity exhibited 

by IL-12, and would therefore find practical utility as an immune stimulant. 

Appellants respectfully submit that the Examiner seems to be applying a heightened 

utility standard in this instance, which is legally incorrect. The Examiner appears to ignore the 

teachings within an expert's declaration without anv basis, or without presenting anv evidence to 

the contrary . Appellants respectfully draw the Board's attention to the Utility Examination 

Guidelines (Part HE, 66 Fed. Reg. 1098 (2001)) which state that: 

"Office personnel must accept an opinion from a qualified expert that is based 
upon relevant facts whose accuracy is not being questioned; it is improper to 
disregard the opinion solely because of a disagreement over the significance or 
meaning of the facts offered". 

Thus, barring evidence to the contrary, Appellants maintain that the positive result for PR0217 
in the MLR assay is significant , and forms the basis for the utility claimed herein. 

The Examiner has further asserted that "the ability of a protein to stimulate lymphocyte 
proliferation in this assay does not support a specific and substantial utility for the claimed 
invention. The ability to stimulate or inhibit lymphocyte proliferation in the MLR assay is an 
artificial in vitro system and does not provide for what specific conditions or for which specific 
diseases the claimed invention would predictably function. The assertion that the claimed 
invention could be useful for the treatment of conditions where the enhancement of the immune 
response would be beneficial ... is not specific since there are many such conditions, and it is not 
predictable of which conditions the claimed invention may function, if any." (Page 3 of the 
Office Action mailed July 15, 2003). 

Appellants submit that the teachings of the specification are properly evaluated through 
the eyes of one skilled in the pertinent art at the effective filing date of the present application. In 
1998 it was well known in the art, as it is today, that T-cells are highly important in the body's 
natural defense mechanisms for fighting infections. For example, viral infections, such as HIV 
infection, are well known to result in reduced T cell count. Indeed, the count of T-cell 
lymphocytes is a generally accepted measure of the extent and seriousness of HIV infection and 
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resultant AE)S. Accordingly, stimulators of T-cell proliferation find utility in fighting viral 
infections, including retroviral infections, such as HIV infection or Epstein-Barr infection. 

It was also well known at the time of filing that T cells can recognize tumor antigens and 
kill tumors. See, for example. Thumer et al, J. Exp. Med. 190:1669-1678 (1999) (submitted as 
Exhibit E with the Preliminary Amendment filed July 12, 2004), which describes experimental 
procedures designed to treat melanoma by boosting the immune response. Accordingly, 
immunostimulant molecules such as PR0217 also have utility in the treatment of cancers such as 
melanoma. 

As discussed above, the legal standard is that in vitro results are acceptable to 
demonstrate utility. Further, the data derived fi-om the MLR assay is "reasonably correlated" to 
the asserted pharmacological utility, because one of ordinary skill in the art would understand, 
based upon the discussion above, that molecules showing immunostimulant activity as measured 
in the MLR assay would be usefiil in the treatment of conditions where the stimulation of 
lymphocyte proliferation would be desirable, including viral infections such as HIV and Epstein- 
Barr, and cancers such as melanoma. Accordingly, a valid case for utility has been made and 
would be considered credible by a person of ordinary skill in the art. 

C, A prima facie case of lack of utility has not been established 

The Examiner has asserted that the data derived fi-om the MLR assay is not correlated to 
pharmacological utility, because the MLR assay is allegedly not predictive of the general immune 
response. In particular, the Examiner has asserted that "the results of the MLC (a.k.a. MLR) 
assay do not support a specific and substantial utility for the claimed invention because the assay 
is not predictive of immune response in general, and one of ordinary skill in the art would not 
expect a stimulatory effect in the MLC assay to correlate to a general stimulatory effect on the 
immune system, absent evidence to the contrary." (Page 6 of the Office Action mailed October 
1, 2004). In support of this assertion, the Examiner has cited the inmnmology texts "Basic and 
Clinical Lnmunology" and "Manual of Clinical Laboratory Immunology," as well as references 
by Kahan et ah, Picotti et al and Campo et aL 

Appellants submit that the Examiner has misinterpreted the focus of the assay disclosed 
in the specification. The purpose of the assay is not to test the properties of the stimulator cells, 
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as in a typical MLR assay, but to test the ability of a protein, such as PR0217, to enhance the 
expected response of the T cells, thus demonstrating general immunostimulant activity. 
Appellants further submit that the Examiner has not correctly characterized the teachings of 
Kahan et aL, Picotti et al and Campo et al These references, in combination with those cited by 
Appellants, demonstrate the art as a whole recognizes that the mixed lymphocyte reaction (MLR) 
is in fact a widely used in vitro assay for identifying immunomodulatory compounds. 

1 . The MLR assay is used to demonstrate general immunostimulant activity of the 
test protein PR021 7 

Li support of the rejection, the Examiner goes into considerable detail explaining the 
mechanism of the MLR, also known as the mixed lymphocyte culture (MLC) assay. The 
Examiner's primary point is that the MLR assay allegedly has not been shown to be predictive for 
general immune responses in vivo because it is a special case of antigen stimulation in which T 
lymphocytes respond to foreign histocompatibility antigens on unrelated lymphocytes or 
monocytes. According to the Examiner, this "reaction is not predictive of general responses of 
the immune system because, in vivo, activation of a lymphocyte is controlled not only by antigen 
binding but also by interactions with other cells." 

Appellants respectfully point out that the MLR assay also depends upon the interactions 
of T lymphocytes with other cells, in particular, with the stimulator cells used in the described 
MLR protocol. As explained in the textbook "Basic and CUnical hnmunology," cited by the 
Examiner, T cells cooperate with antigen presenting cells (page 31, col. 2) in vivo. The most 
potent antigen presenting cells are dendritic cells, which are the predominant cell type found in 
the irradiated stimulator cell population, as explained in the Fong Declaration (see paragraphs 5- 
6). Thus the MLR assay does measure the interaction of T-lymphocytes with other cells, and 
therefore is a valid predictive model system in this respect. 

The Examiner has further asserted that "[t]he ability of the claimed invention to stimulate 
proliferation in the MLC assay may not be a general stimulus to lymphocyte proliferation, but 
rather a reaction to one of the MHC antigens on the responder cell." (Page 5 of the Office Action 
mailed October 1, 2004). Appellants submit that the Examiner appears to have misinterpreted 
the intent of the assay. It is understood that, as the Examiner has stated, the MLR is based upon 
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an allogenic response. Thus the mixing of the stimulator and responder cells is expected to lead 
to T cell proliferation even in the absence of any test protein. However, the point of the assay is 
not to measure the degree to which the stimulator cells induce proliferation of the responder 
cells. Rather, the point is to measure the extent to which the test protein can enhance the 
expected proliferation of the stimulated T cells. 

This misunderstanding is further demonstrated in the Examiner's discussion of 
supposedly "essential" controls. The Examiner has asserted that "there are several controls which 
the art recognizes as being essential for meaningful results for this assay, including autologous 
controls, a control to determine maximum response, screening for possible HLA antibodies and 
growth support capabilities" as well as internal controls to account for inherent variability of 
individual cellular responses. (Page 5 of the Office Action mailed October 1, 2004). Appellants 
submit that these controls are only needed when the purpose of carrying out the MLR assay is to 
evaluate the properties of the stimulator cells. As shown, for example, in Figure 16-4 of "Basic 
and Clinical Immunology, cited by the Examiner, the comparisons to mismatched (maximum 
response) and autologous (background) controls allow one to determine the degree of HLA class 
n antigen similarity between the stimulator cells and the responder cells. Such determinations, 
however, are not relevant to the MLR assay of Example 74. 

The purpose of the assay disclosed in the instant specification, as discussed above, is to 
characterize not the stimulator cells, but the test proteins, such as PR0217. The precise extent to 
which the stimulator cells stimulate the responder cells is not significant; what matters is the 
degree to which the test protein increases this response. The extent to which the test protein 
increases the response of the T cells is measured by comparison to a negative control reaction, 
which uses either cell culture medium, or a non immunostimulant molecule, CD4-IgG, as a 
negative control. Because the response in the test reaction is compared to a negative control 
reaction, and because both reactions use the same stimulator and responder cells at the same 
time, additional controls to determine the precise properties of these cells are not required. 

2. The art recognizes the MLR as an in vitro assay useful for identifying compounds 
with immunomodulatory activity in vivo 

In support of the assertion that "the MLC assay, which is art recognized for determining 
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histocompatibility, does not appear to be predictive of general immune response in vivo,'' the 
Examiner has cited references by Kahan et al, Picotti et al and Campo et al (See page 5 of the 
Office Action mailed July 15, 2003). All three references study allograft rejections and 
immunosuppression of graft rejection using test compounds studied in vitro. 

As a preliminary matter, Appellants submit that, as discussed above, the evidentiary 
standard to be used throughout ex parte examination of a patent application is a preponderance of 
the totality of the evidence under consideration. Accordingly, Appellants submit that in order to 
overcome the presxmiption of truth that an assertion of utility by the applicant enjoys, the 
Examiner must establish that it is more likely than not that one of ordinary skill in the art would 
doubt the truth of the statement of utility. With respect to asserted therapeutic utilities based 
upon in vitro data, an applicant "does not have to prove that a correlation exists between a 
particular activity and an asserted therapeutic use of a compound as a matter of statistical 
certainty." The law requires only that one skilled in the art should accept that such a correlation 
is more likely than not to exist. Appellants respectfiilly submit that when the proper evidentiary 
standard is applied, a correlation must be acknowledged. 

The Examiner cited Kahan et al as stating that "no in vitro immune assay predicts or 
correlates with in vivo immunosuppressive activity; there is no surrogate immime parameter as a 
basis of immunosuppressive efficacy and/or for dose extrapolation fi-om in vitro systems to in 
vivo conditions." (Page 4 of the Office Action mailed July 15, 2003). Appellants respectfiilly 
note that the asserted utility for the claimed PR0217 polypeptides is as an immunostimulant , not 
an immunosuppressor. The Examiner has asserted that "if one of ordinary skill in the art 
concluded that an in vitro immime assay was not predictive or correlative of immunosuppression, 
they are also likely to conclude that the same assay is not predictive or correlative with 
immunostimulation, absent evidence to the contrary." (Page 2 of the Advisory Action mailed 
November 19, 2003). Appellants submit that, as discussed above, the art as a whole clearly 
establishes that the mixed lymphocyte reaction flVELR) is a widelv used in vitro assav for 
identifvdng immunomodulatory compounds , as demonstrated by the examples of tepoxalin. 



M.P.E.P. 2107.03 
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tautomycetin, and IL-12. Further, Picotti et al, cited by the Examiner, provides evidence that a 
molecule which does not show the predicted activity in the specific pathway of graft versus host 
interaction, may stiU have general immunomodulatory activity. 

The Examiner cited Picotti et al as demonstrating that "IL-12 enhances alloantigen- 
specific immune function as determined by MLC, but this resuh in vitro does not result in a 
measurable response in vivo (i.e. failure to accelerate graft rejection)." Appellants first note that 
the asserted utility of PR0217 is not accelerated allograft rejection, which is hardly a process that 
medical practitioners would wish to accelerate. Thus the fact that IL-12 does not accelerate 
allograft rejection is not relevant to the utility of PR0217. Nor is the failure of IL-12 to 
accelerate allograft rejection an indication that IL-12 does not possess general immimostimulant 
properties in vivo. Picotti et al confirm that "IL-12 is also a key cytokine involved in promoting 
cell mediated immune responses in vivo" (page 1459, col. 1). The fact that a molecule such as 
IL-12 that has known in vivo immunostimulant properties does not accelerate graft rejection 
supports Appellants* argument that graft rejection is a specific pathway that does not necessarily 
reflect general immunoregulatory fimction. Picotti et al draw a similar conclusion, suggesting 
that "the magnitude of Thl -driven alloimmune response may not correlate directly to the severity 
of graft rejection," perhaps because Th2-driven immune responses are more relevant to graft 
rejection (page 1459, col. 2). 

The Examiner has fiirther asserted that Campo et al "demonstrate that while zinc 
suppresses alloreactivity in MLC, it does not decrease T-cell proliferation in vitro nor produce 
immunosuppressive effects in vivo. (Page 5 of the Office Action mailed July 15, 2003). 
Appellants respectfiiUy point out that the Examiner has misinterpreted this statement, due to the 
fact that the authors refer to two different tvpes of immunosuppressive effects . Campo et al set 
out to look for an inhibitor of MHC in vitro which would have the fewest side effects in vivo (see 
Abstract). The authors note that high concentrations of zinc "impair all T cell and monocyte 
fimction" (page 20; emphasis added). The authors took this impairment as an indicator of 
toxicity, and therefore intentionally used concentrations of zinc below that at which all T-cell 
fimction was impaired, in order to identify a concentration range that would not result in toxic 
effects. However, that does not mean that Campo et al foxmd zinc to have no 
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immunosuppressive activity in vivo. In fact, the authors conclude, based upon their MLC results, 
that "zinc could become an immunosuppressant in transplantation medicine without toxic 
side effects" (page 21; emphasis added). Thus Campo et al supports Appellants' position that 
those of skill in the art would interpret the results of MLC assays as having physiological 
relevance. 

Appellants note that the Examiner has failed to point out several instances within these 
cited references wherein the authors stated that the MLR is an important method with a good 
predictive value . For example, Campo et al teach that "the himian mixed lymphocyte culture 
(MLC) is an important method to test donor-recipient compatibility in bone marrow 
transplantation. It could be shown that cytokine release, especially IFN-y, has a very good 
predictive value with regard to the transplantation outcome, as cytokines play a major role in 
the generation of an alloreactive immune response and for the induction of graft rejection in 

vivo Landolfo et al inhibited T-cell reactivity by the addition of anti-IFN-y both in vitro and 

in vivo'' (see page 18; emphasis added). Further, Picotti et al. showed that the IL-12Rpl subunit 
was critical for IL-12 driven enhanced alloimmune response in vitro and in vivo (see abstract). 
Thus, while there are instances of unpredictability using the MLR assay, there are many studies 
showing predictable results, including studies from Picotti, Landolfo and the IFN-y study. 
Finally, Campo et al teaches that "cyclosporin A, FK506, and other substances are used to 
prevent graft rejection. In vitro experiments revealed an inhibition of the MLC" (page 16). 
Thus the teachings of Campo et al confirm that inhibition of the MLR is observed for known 
immunoinhibitory molecules, that are in actual clinical use . 

In summary. Appellants respectfiiUy submit that the Examiner has not shown that a lack 
of correlation between results of the MLR assay in vitro and immunomodulatory activity in vivo 
is typical . In fact, Picotti et al. and Campo et al. supp ort Appellants* position that it is more 
likely than not that the in vitro MLR assay can be successfiilly used to identify compounds 
having immunomodulatory activity in vivo. The Patent Office has failed to meet its initial 
burden of proof that Appellants' claims of utility are not substantial or credible. 
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D. The Fong Declaration supports "real world" utility for proteins that test 
positive in the MLR assay 

The Examiner has asserted that "[t]he [Fong] Declaration under 37 CFR 1 .132 filed 12 
July 2004 is insufficient to overcome the holding of lack of utility based on results of the MLR 
assay." Li particular, the Examiner takes issue with Dr. Fong's statement that '*[t]he MLR assay 
of the present application is designed to measure the ability of a test substance to "drive" the 
dendritic cells to induce the proliferation of T-cells that are activated, or co-stimulated in the 
MLR, and thus identifies immune stimulants that can boost the immune system to respond to a 
particular antigen that may not have been immunologically active previously." The Examiner 
states that "[t]his is not what the instant specification asserts at pages 208-209. There is no 
mention in the instant specification about boosting the immime system *to respond to a particular 
antigen that may not have been immunologically active previously." The Examiner asserts that 
"Dr. Fong is reading the results of the Peterson et al. reference into the disclosure of the instant 
specification," and that because this reference was not available at the time the instant application 
was filed, "reliance on the methods and results of this reference is improper." (Page 6 of the 
Office Action mailed October 1, 2004). 

Appellants submit that the statements of Dr. Fong regarding the purpose of the MLR 
assay described in the instant specification are not based upon the Peterson et al reference, but 
upon evidence regarding the properties of antigens and antigen presenting cells that was well 
know in the immunological art at the time the instant application was filed. 

The specification discloses that the stimulator cells used in the MLR assay were treated 

with 3000 Rads of radiation. As explained in the Fong Declaration, 

This irradiation is done in order to create a sample of cells that has mainly 
dendritic cells. It is known that the dendritic cell population among the PBMCs 
are differentially affected by irradiation. At low doses (500-1000 Rad), the 
proUferation of most cells, including the B cells in the PBMCs, is preserved, 
however, at doses above 2000 Rad, this fimction of B cells is abolished. Dendritic 
cells on the other hand, maintain their antigen presentation function even at a 
3000 Rad dose of radiation. 
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Thus one of ordinary skill in the art, upon reading that the cells were treated with 3000 Rads, 
would have understood that, as a consequence of that treatment, the stimulator cells would be 
predominantly dendritic cells (DCs). 

It was well known at the time of filing that, as disclosed in Steinman etaly "[t]he best 
studied function of DCs is to convert antigens into immunogens for T cells" (Abstract). 
Appellants note that while the article by Steinman et al was published in 2000, it is a review 
article that summarizes previous findings in the field, and cites articles on dendritic cells firom 
1997 and 1998 (page 586, col. 2). Thus Steinman et al provide an accurate indication as to what 
was known in the art at the instant application's asserted priority date of September 1998. 

It was also the case that "protein antigens often are known for a tumor-like melanoma, or 
for a virus like HIV-1 whose genetic sequence has been available," but that these antigens 
needed to become immunogenic, that is, capable of inducing a T cell response (Steinman et 
al, page 585, col. 1; emphasis added). The use of DCs in therapeutic treatment for melanoma 
was aheady being tested in clinical trials around the priority date of the instant application, as 
evidenced, for example, by Thumer et al, whose results were completed and pubhshed by 1999. 
Steinman et al fiirther disclose that "[i]n order for an antigen to become a strong immunogen, 
one needs to provide a stimulus for the final maturation of the DCs," explaining that most DCs in 
the body "are in an immature state and lack features leading to a strong T cell response" 
(page 585, col. 2; emphasis added). 

Thus one of skill in the art would have understood at the time of filing that fi) molecules 
which enhanced the proliferation of stimulated T-cells would increase the ability of DCs to 
convert antigens to immunogens. and (ii) such stimulator/ molecules would allow ant igens that 
were not usually immunogenic, such as the melanoma or viral antigens des cribed above, to 
become immunogenic. Therefore, while the specification does not use the precise language that 
the purpose of the MLR assay was to identify molecules capable of boosting the immune system 
"to respond to a particular antigen that may not have been immunologically active previously," 
the structure of the assay, which is designed to find molecules that increase DC-induced T-cell 
proliferation, is clearly intended to find precisely such molecules. This conclusion would have 
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been apparent to the skilled artisan based solely upon knowledge about DCs and their role in 
antigen presentation that was widely known in the art at the time of filing. 

The Examiner has also disputed the relevance of the Gubler et al article, cited by Dr. 
Fong in his Declaration as providing an example in which the MLR assay was used to identify a 
molecule, IL-12, that was proven to also have in vivo immunostimulant activity. The Examiner 
has asserted that "a review of Gubler et al does not reveal the use of MLR in evaluating the 
biological effects of IL-12" and adds that "further work of researchers regarding IL-12 was not 
based on the results of a single assay, being the MLR, but rather by a body of work which 
provides for a number of biological activities of IL-12, which are not disclosed for the claimed 
invention'*. (Page 7 of the Office Action mailed October 1, 2004). 

Gubler et al identified CLMF (Cytokine Lymphocyte Maturation Factor), a 
heterodimeric lymphokine, and designated it as interleukin 12. Gubler et al reported the 
molecular cloning and expression of CLMF (see column 1, last line and Materials and Methods), 
and performed two biological assays: (i) the T-cell growth factor assay (see Table 1 and Fig. 3 
(upper panel) and (ii) the LAK (lymphokine activated killer) cell induction assay. In the T-cell 
growth factor assay, PHA-activated lymphoblasts prepared from human PBMCs were used to 
measure lymphoblast proliferation in a tritiated thymidine assay very similar to the instant MLR 
assay (see legend of Table 1). Table 1 summarizes the results and demonstrates that the two 
subunits, 35 kDa and 40 kDa of CLMF together showed the highest incorporation (58,615 cpm 
and 38,361 cpm incorporation for 1 :20 and 1 :100 dilution). As Gubler et al discloses in column 
1, page 4143: "we initiated a search for novel cytokines that would synergize with suboptimal 
concentrations of recombinant IL-2 to activate cytotoxic lymphocytes in vitro and thus might 
have synergistic immunoenhancing effects when administered together with recombinant IL-2 
in vivo. This led to the identification of a factor, designated CLMF". 

Therefore, while Gubler et al did not use the same MLR assay as disclosed in the instant 
specification, they used a similar in vitro assay of T-cell proliferation, confirming Appellants* 
assertion that such in vitro systems are predictive of in vivo efficacy . Further, Appellants submit 
that the "body of work" performed by Gubler et al was CLMF cDNA cloning, expression, and 
computer searches for homology, which are routine experiments done to characterize any novel 
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protein and do not represent "a number of biological activities." The only other biological assay 
performed in this study was the "LAK cell induction assay"discussed above, The activation of 
lymphocytes in an in vitro T-cell proliferation assay similar to the MLR assay was sufficient for 
the authors to conclude that CLMF/IL-12 was an immunoenhancing agent that could be 
administered in vivo . 

The Examiner asserts that there is allegedly "no evidence of record which correlates an 
activity of at least 180% of control as predictive of an activity of IL-12. It is not clear from what 
data this conclusion is derived. Therefore, the Declaration is not persuasive to overcome the 
holding of a lack of utility for the claimed invention based on the MLR assay" (Pages 7-8 of the 
Office Action mailed October 1 , 2004). 

The case law has clearly established that in considering affidavit evidence, the Examiner 
must consider all of the evidence of record anew.^^ "After evidence or argument is submitted by 
the applicant in response, patentability is determined on the totality of the record, by a 

20 

preponderance of the evidence with due consideration to persuasiveness of argiunent" 
Furthermore, the Federal Court of Appeals held in In re Alton, "We are aware of no reason why 
opinion evidence relating to a fact issue should not be considered by an examiner"^ ^ Appellants 
also respectfiiUy draw the Examiner's attention to the Utility Examination Guidelines'^ which 
state, "Office personnel must accept an opinion from a qualified expert that is based upon 
relevant facts whose accuracy is not being questioned; it is improper to disregard the opinion 
solely because of a disagreement over the significance or meaning of the facts offered." The 
statement in question from an expert in the field (the Fong Declaration) states that "(i)t is my 
considered scientific opinion that a PRO polypeptide shown to stimulate T-cell proliferation in 
the MLR assay of the present invention with an activity of at least 180% of the control is 

InreRinehart, 531 F.2d 1084, 189U.S.P.Q. 143 (C.C.P.A. 1976) Sind In re Piasecki, 745 F.2d. 1015, 
226U.S.P.Q. 881 (Fed. Cir. 1985). 

In re Alton, 37 U.S,P.Q.2d 1578 (Fed. Cir 1966) at 1584 quoting /« re Oetiker, 977 F.2d 1443, 1445, 24 
U.S.P.Q.2d 1443, 1444 (Fed. Cir. 1992)). 

In re Alton, supra. 

Part IIB, 66 Fed. Reg. 1098 (2001). 
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expected to have the type of activity as that exhibited by IL-12, and would therefore find practical 
utility as an immune stimulant." Therefore, barring evidence to the contrary regarding the above 
statement in the Fong Declaration, this rejection is improper under both the case law and the 
Utility guidelines. 

For the reasons given above. Appellants respectfully submit that the results of the MLR 
assay as shown in Example 74 of the present specification, and first disclosed in U.S. Provisional 
Application No. 60/100,858, filed September 17, 1998, provide a specific, substantial and 
credible utility xmder 35 U.S.C. §101 for the claimed invention. Accordingly, Appellants 
respectfully request that the subject matter of the instant claims be granted the September 17, 
1998, priority date of U.S. Provisional AppHcation No. 60/100,858. 

ISSUE II: Claims 39-43 and 50-51 satisfy the enablement requirement of 35 USC $112. 
first paragraph. 

Claims 39-43 and 50-51 stand rejected under 35 U.S.C. §112, first paragraph, allegedly 
"because the specification, while being enabling for an isolated polypeptide having at least 80% 
amino acid sequence identity to the polypeptide of SEQ ID N0:4 or the mature form thereof, which 
isolated polypeptide inhibits VEGF stimulated proliferation of adrenal cortical capillary endotheUal 
cells, does not reasonably provide enablement for a polypeptide not identical to at least the mature 
form of SEQ ID NO:4 which is capable of stimulating prohferation of T-lymphocytes." (Page 8 of 
the OfBce Action mailed October 1, 2004). 

The Examiner has asserted that "the basis for this limitation is foimd in Example 74, which 
has been shown not to support utility for the claimed invention, and therefore, is likewise, not 
enabled." (Page 7 of the Office Action mailed July 15, 2003). 

In this regard, Appellants refer to the arguments and information presented above in 

response to the issue of utility, wherein those arguments are incorporated by reference herein. 

Appellants submit that, as discussed above, the MLR assay demonstrates utility for the PR0217 

polypeptide for the treatment of conditions where the stimulation of lymphocyte proliferation 

would be desirable, including viral infections such as HIV and Epstein-Barr, and cancers such as 

melanoma. Based on such a utility, one of skill in the art would know exactly how to use the 

claimed polypeptides for the treatment of conditions where enhancement of an immune response 
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is beneficial, without any undue experimentation. 

Appellants note that the claimed variants all share the functional limitation that "the 
polypeptide is capable of stimulating prohferation of T-lymphocytes ." Example 74 of the present 
application provides detailed protocols for the MLR assay, including the extensive step-by-step 
guidance from Current Protocols in Immunology, which is explicitly incorporated into the 
specification by reference. By following the disclosure in the specification, one skilled in the art 
can easily test whether a variant PR0217 polypeptide is capable of stimulating proliferation of T- 
lymphocytes. The specification further describes methods for the determination of percent 
identity between two amino acid sequences. (See page 67, line 34, to page 69, hne 24). In fact, 
the specification teaches specific parameters to be associated with the term "percent identity" as 
applied to the present invention. The specification further provides detailed guidance as to 
changes that may be made to a PRO polypeptide without adversely affecting its activity (page 
1 12, line 37 to page 115, line 8). This guidance includes a hsting of exemplary and preferred 
substitutions for each of the twenty naturally occurring amino acids (Table 6, page 1 14). 
Accordingly, one of skill in the art could identify whether a variant PR0217 sequence falls 
within the parameters of the claimed invention. Once such an amino acid sequence is identified, 
the specification sets forth methods for making the amino acid sequences (see page 112, line 37 
to page 1 16, line 35) and methods of preparing the PRO polypeptides (see page 1 16, line 37 and 
onward). 

Therefore, Appellants respectfully submit that the specification provides ample guidance 
such that one of skill in the art could readily test a variant polypeptide to determine whether it is 
capable of stimulating prohferation of T-lymphocytes by the methods set forth in Example 74. 
Furthermore, one of ordinary skill in the art has a sufficiently high level of technical competence 
to identify sequences with at least 80% identity to SEQ ID N0:4. Accordingly, one of ordinary 
skill could practice the claimed invention without undue experimentation. 

The claims currently recite polypeptide sequences associated with a specific biological 
activity. This biological activity together with the well defined relatively high degree of 
sequence identity and general knowledge in the art at the time the invention was made, 
sufficiently defines the claimed genus such that, one skilled in the art, at the effective date of the 

-28- 

Appeal Brief 
Application Serial No. 09/904,485 
Attorney's Docket No. 39780-1618 P2C7 



present application, would have known how to make and use the claimed polypeptide sequences 
without undue experimentation. As the M.P.E.P. states, "[t]he fact that experimentation may be 
complex does not necessarily make it undue, if the art typically engages in such 
experimentation."^^ 

As discussed above, a considerable amount of experimentation is permissible, if it is 
merely routine. Apphcants submit that the identification of variant PR0217 polypeptides having 
at least 80% identity to SEQ ID N0:4, wherein the polypeptide is capable of stimulating 
prohferation of T-lymphocytes, can be performed by techniques that were well known in the art at 
the priority date of this application, and that the performance of such work does not require 
undue experimentation. 

Accordingly, Appellants respectfully request reconsideration and reversal of the 
enablement rejection of Claims 39-43 and 50-51 under 35 U.S.C. §112, first paragraph. 

ISSUE III: Claims 39-43 are not anticipated under 35 U,S.C. S102 by Hsieh et aLor Brewer 
etal.VfO 98/54963 

Claims 39-43 stand rejected under 35 U.S.C. § 102(a) as allegedly being anticipated by 
Hsieh et al (Nature 398:431-436, pubUshed April 1, 1999) which discloses an amino acid 
sequence having 99.7% sequence identity to SEQ ID N0:4 of the present application. 

Claims 39-43 further stand rejected under 35 U.S.C. § 102(b) as allegedly being 
anticipated by Brewer et al (WO 98/54963, pubUshed December 10, 1998), which discloses a 
amino acid sequence having over 99% identity to SEQ ID N0:4 of the present application. 

Appellants submit that, as discussed above regarding the utility and enablement 
requirements of 35 U.S.C. §101 and 35 U.S.C. §1 12, first paragraph, (Issue I and Issue II), the 
resuhs of the MLR assay (Example 74) establish a credible, substantial and specific asserted 
utility for the claimed PR0217 polypeptides. These results were first disclosed in U.S. 
Provisional AppHcation Serial No. 60/100,858, filed on September 17, 1998. As discussed 
above, the disclosiu*e of the instant application, which is similar to that of the earlier-filed 

M.P.E.P. §2164.01 citing In re Certain Limited-charge Cell Culture Microcarriers, 221 U.S.P.Q. 1 165, 
11 74 (Int'l Trade Comm'n 1983), affsub nom. Massachusetts Institute of Technology v. A.B. Fortia, 774 F.2d 1 104, 
227 U.S.P.Q. 428 (Fed. Cir. 1985). 
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application (U.S. Provisional Application Serial No. 60/100,858), provides the support required 
under 35 U.S.C. §112 for the subject matter of the instant claims. Accordingly, Appellants 
submit that the subject matter of the instant claims is disclosed in the manner provided by 35 
U.S.C. §1 12 in U.S. Provisional Application Serial No. 60/100,858. Therefore, the effective 
filing date of this appUcation is September 17, 1998, the filing date of U.S. Provisional 
Application Serial No. 60/100,858. 

The journal article by Hsieh et al was published on April 1, 1999, which is over six 
months after the effective filing date of the instant application; hence Hsieh et al is not prior art. 

The PCT patent application by Brewer et al, WO 98/54963, was published on December 
10, 1998, which is over two months after the effective filing date of the instant application; hence 
Brewer et al. is not prior art. 

The Examiner has asserted that "a review of the instant application and this [MLR] assay 
do not lead to a conclusion of utility based on this assay, and therefore, priority to this 
provisional application is not afforded." (Page 2 of the Office Action mailed July 15, 2003). 

In this regard. Appellants refer to the arguments and information presented above xmder 
Issue I and Issue n with respect to utility and enablement. These arguments are incorporated by 
reference herein. Appellants respectfiilly submit that as described above under Issue I, the data 
fi-om the MLR assay disclosed in Example 74 provides a specific, substantial and credible utility 
for the claimed invention and, therefore, the present specification teaches one of ordinary skill in 
the art "how to use" the claimed invention without undue experimentation, as described above. 

Accordingly, Appellants respectfiilly request reconsideration and reversal of the rejection 
of Claims 39-43, 52 and 54-58 under 35 U.S.C. § 102(b) as being anticipated by Hsieh et al or 
Brewer et al 

ISSUE IV; Claims 44-46 and 49 are not made obvious under 35 U.S,C. S103(a) by Hsieh et 
aloY Brewer et al. WO 98/54963 

Claims 44-46 and 49 stand rejected under 35 U.S.C. §102(a) as anticipated by, or in the 
alternative, under 35 U.S.C. §103(a) as obvious over Hsieh et al (Nature 398:431-436; pubUshed 
April 1, 1999). Claims 44-46 and 49 further stand rejected under 35 U.S.C. §102(b) as 
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anticipated by, or in the alternative, under 35 U.S.C. §103(a) as obvious over Brewer et al (WO 
98/54963, published December 10, 1998). 

As discussed above under Issue in, the instant application is entitled to the priority date 
of September 17, 1998. These arguments are incorporated by reference herein. Therefore, 
neither Hsieh et al nor Brewer et al is prior art . 

Accordingly, Appellants respectfully request reconsideration and reversal of the rejection 
of Claims 44-46 and 49 under 35 U.S.C; §103(a) as being anticipated by or obvious over Hsieh et 
aL or Brewer et al 

CONCLUSION 

For the reasons given above. Appellants submit that the MLR assay disclosed in Example 
74 of the specification provides at least one patentable utility for the PR0217 polypeptides of 
Claims 39-46 and 49-51, and that one of ordinary skill in the art would understand how to used 
the claimed polypeptides, for example in therapeutic appUcations where enhancement of an 
immune response is beneficial, such as the treatment of viral infections or cancer. Therefore, 
Claims 39-46 and 49-51 meet the requirements of 35 USC §101 and 35 USC §112, first 
paragraph. Further, this patentable utility for the claimed polypeptides was first disclosed in U.S. 
Provisional AppUcation Serial No. 60/100,858, filed on September 17, 1998, priority to which is 
claimed in the instant application. Accordingly, the instant application has an effective priority 
date of September 17, 1998, and therefore Hseih et al, published on April 1, 1999, and Brewer et 
al, WO 98/54963, published December 10, 1998, are not prior art and do not anticipate the claims 
under 35 USC § 102(a) or (b), or render the claims obvious under 35 USC § 103(a). 

Accordingly, reversal of all the rejections of Claims 39-46 and 49-51 is respectfiiUy 
requested. 
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Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 08-1641 (referencing Attorney's Docket No. 
39780-1618 P2C7) . 

Respectfully submitted, 



Date: August 5, 2005 By: u6-k^ I^^ja^ 

Barrie Greene (Reg. No. 46,740) 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 



SV 2139843 v1 

8/5/05 10:59 AM (39780.1618) 
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8. CLAIMS APPENDIX 
Claims on Appeal 

39. An isolated polypeptide having at least 80% amino acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209256; 

wherein the polypeptide is capable of stimulating proliferation of T-lymphocytes. 

40. The isolated polypeptide of Claim 39 having at least 85% amino acid sequence 
identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209256; 

wherein the polypeptide is capable of stimulating proliferation of T-lymphocytes. 

41 . The isolated polypeptide of Claim 39 having at least 90% amino acid sequence 
identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209256; 

wherein the polypeptide capable of stimulating proliferation of T-lymphocytes. 
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42. The isolated polypeptide of Claim 39 having at least 95% amino acid sequence 
identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209256; 

wherein the polypeptide is capable of stimulating proliferation of T-lymphocytes. 

43. The isolated polypeptide of Claim 39 having at least 99% amino acid sequence 
identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ED N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession niunber 209256; 

wherein the polypeptide is capable of stimulating proliferation of T-lymphocytes. 

44. An isolated polypeptide comprising: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:4; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:4, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209256. 

45. The isolated polypeptide of Claim 44 comprising the amino acid sequence of the 
polypeptide of SEQ ID N0:4. 

46. The isolated polypeptide of Claim 44 comprising the amino acid sequence of the 
polypeptide of SEQ ID N0:4, lacking its associated signal peptide. 
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49. The isolated polypeptide of Claim 44 comprising the amino acid sequence of the 
polypeptide encoded by the full-length coding sequence of the cDNA deposited under ATCC 
accession number 209256. 

50. A chimeric polypeptide comprising a polypeptide according to Claim 44 fused to 
a heterologous polypeptide. 

5 1 . The chimeric polypeptide of Claim 50, wherein said heterologous polypeptide is 
an epitope tag or an Fc region of an immunoglobulin. 
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9. EVIDENCE APPENDIX 

L Kahan, Barry D., "Immunosuppressive therapy," Curr, Opin, Immunol. 4:553-560 

(1992). 

2. Picotti, J.R. et al., "Interleukin-12 (IL-12)-driven alloimmune responses in vitro and in 
vivo," Transplantation 67:1453-1460 (1999). 

3. Campo, C.A. et al., "Zinc inhibits the mixed lymphocyte culture," Biological Trace 
Element Research, 79:15-22 (2001) 

4. Basic& Clinical Immunology, 8th edition, Sites, D.P. et al., Eds, Appelton & Lange, 
Norwalk, CT, 1994, pp. 30-31; 208-209; 246-247; 280. 

5. Fung-Leung, W-P. et al., "Tepoxalin, a novel immunomodulatory compoxmd, 
synergizes with CsA in suppression of graft- versus-host reaction and allogenic skin graft 
rejection," Transplantation 60:362-368 (1995), 

6. Shim, J-H. et al., "Immunosuppressive effects of tautomycetin in vivo and in vitro via 
T cell-specific apoptosis induction," Proc, Natl Acad, Sci. USA 99:10617-10622 (2002). 

7. Declaration of Sherman Fong, Ph.D. under 35 C.F.R 1.132, with attached Exhibits A- 

E: 

A. Current Protocols in Immunology, Vol 1, Richard Coico, Series Ed., John Wiley & 
Sons, hic, 1991, Unit 3.12 

B. Steinman, R.M., "The dendritic cell advantage: New focus for immune-based 
therapies," Drug News Perspect, 13:581-586 (2000). 

C. Gubler, U. et al., "Coexpression of two distinct genes is required to generate secreted 
bioactive cytotoxic lymphocyte maturation factor," Proc, Natl. Acad, Sci. USA 88:4143- 
4147 (1991). 

D. Peterson, A.C. et al., "Immunization with melan-A peptide-pulsed peripheral blood 
mononuclear cells plus recombinant human interleukin-12 induces clinical activity and T- 
cell responses in advanced melanoma," J. Clin. Oncol. 21:2342-2348 (2003). 

E. Thumer, B. et al., "Vaccination with Mage-3A1 peptide-pulsed mature, monocyte- 
derived dendritic cells expands specific cytotoxic T cells and induces regression of some 
metastases in advanced stage IV melanoma," J. Exp. Med. 190:1669-1678 (1999). 

Items 1-4 were made of record by the Examiner in the Office Action mailed July 15, 2003. 

Items 5-6 were submitted with Appellants' Response filed September 8, 2003, and noted as 
considered by the Examiner in the Advisory Action mailed November 19, 2003. 
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Item 7 was submitted with Appellants* Request for Continued Examination and Preliminary 
Amendment filed July 12, 2004, and noted as entered on the record by the Examiner in the Final 
Office Action mailed October 1, 2004. 

SV 2139843 vl 

8/5/05 10:59 AM (39780.1618) 



-37- 



Appeal Brief 
Application Serial No. 09/904,485 
Attorney's Docket No. 39780-1618 P2C7 



Immunosuppressive therapy 



Barry D. Kahan 

The University of Texas Medical School, Houston, Texas, USA 

Although Cyclosporin A has improved transplant outcome, its use 
has serious limitations duo to its narrow therapeutic window New 
approaches lo broaden this window exploit alternative drug formulations, 
pharmacokinetic profiling and new immunosuppressive agents, such as 
Rapamycin and Brequinar, which art in a synergistic fashion. There is no 
evidence to suggest that the pharmacological alternative to Cyclosporin A, 
FK-506 displays a broader therapeutic window, although it may be 
tenfold more potent. Similarly, despite the specificity of the !gG2a mouse 
anti-human CD3 monoclonal antibody, it displays a signific^ant; range of 
clinical side effects, delayed therapeutic action and frequently ilimulates 
generation of human anti-mouse monoclonal antibodies. Recent advances 
in monoclonal antibody technology seek not only to produce antibodies 
against determinants involved in alloactivation, but also lo 'humanize 
the antibodies for reduced side effects. The availability of this array o 
potential agents highlights the need to develop guidelines for clinical 
trial methodologies to address the unique needs and demands of organ 
transplantation. 



Current Opinion in Immunology 1992, 4:55>-560 



Introduction 



After thirty ycsds of vigorous but relatively' unproductive 
research, the field of immunosuppressive dmgs awak- 
ened following the approval of two agents that, in con- 
trast \o the non sclcctiw drugs Azaihioprine (Aza) and 
corticosteroids, display relatively' specific acUons on T 
cells. One of these, the fiingal undecapeptide Cyclo-sporin 
A (CsA), not onl>' improved clinical outcomes and broad 
ened the clinical settings in ^tiich transplants were suc- 
cessful, but also provided a unique tool ft»r cUssecUng 
activation mechanisms leading to Kmphokinc synthe- 
sis. Subsequent approval of the other agent, die IgG2a 
mouse monoclonal antibcxfy (mAb) 0KT 5, heralded 
the use of reagents that bind sdcctKic T-cell surface 
markers to mixlulate the imnume response. The past 
decade has wtnes.stxJ .striking progress in the devel 
opmcni of nc^v phamiacological jgenLs (Mg. 1). One 
group Inhibits lymphokine biosynthesis, FK-506 or sig 
nal transduction, Rapftmyxin (KAPA). A seaMid gmup 
is the nucleobde synthesis inhibitors; Mizorbine |ll and 
RS6l4--$3, J morpholinoethyl-ester analog of myt:ophcTio- 
lie acid (MPA) [2"1. block purine .saK-age pathways v^iih 
the generation of guanosine monophosphate, and the 
quinoline carboxy^ic acid Brequinar (DQR) blocks the 
de nOiX) syndiesLs of ppv'rimidines A third group, 



new mAbs. recognizes specific .surface epitopes on T 
cells and antigeri-presenUnK cells (Fig. 2). Immunosup- 
pressiN'e activity has been documented (4-9) ^^ith several 
mAl>s diat bind N-arious dctemninants as shown in Table 
1 Pn)longed graft survival hxs also been achieved with 
anUbcxlic^, or preferably their F(ab')2 fragments, directed 
towrds class I (lO) or class II NIIIC anUgens. A refine- 
ment of mAb lechnologv' Is the producuon of immuno- 
toxins. Ricin a-chain toxin linked to mouse anti-hunKin 
CD5 IgGl mAb has been used by Hax-erty (per^ional com- 
munication) to treat steroid -resistant graft wrsus host dis 
ease in human bone marrow transplantation. This array 
of new agents proffers an unprecedented opportunity U) 
design effecUve, yet minimall\' toxic, regimens ro improvx: 
the outcome of transplantation in man. 



Limitations of existing immunosuppressive 
regimens 



Currently, clinical reginiens are based upon the use of 
CsA, the immunosupprc^int benefits of which are se- 
riously Utnited by side effects. In attempts to augment 
iLs efficacy, tlie corticosteroid Prednisone (Fred), /\za, 



Abbreviations 

AlG-anti.|yn)phocytc sera; Aza-A/athioprine: BQR- flrequir«r; CMV cytomeBabvirus: C«A-Cyclo5p^^^^^^^ 
oT-^ cytotnxic 7 lymphoryt«; DTH-^rlay^Hi type hypersensitivity; ICAM-intercelMar adhes^cm molcrulo. 
It-intorleukin; LFA-Iymphocyte function-associated antigen; mAfr-nHirvKlonal antibody: 
MHC~major histotompalibility complex; MPA mycophenolic acid; MZ&-rnizorbinc: 
NMT-nuclear factor oi activated T cells; Pred -Prednisone; RAPA Rapamycin; TCR-f-cell receptor; Th-T-hclpcr. 
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Fig. 1. Classification of iminunosuppres- 
sive drugs based upon their site of ac- 
tion in the cell cycle. In the first group, 
rorticosteroid, and possibly deoxysper- 
gualin, inhibit antigen- presenting cells. 
In the second group. Cyclosporin A 
(CsA) and PK-506 inhibit lymphokine 
(LK) biosynthesis during the Q phase 
and Rapamycin inhibits signal trans- 
duction during the Ci phase. In the 
thir<l group (the nucleoside synthesis in- 
hibitors}, Mizorbine (MZB) and RS61443 
(a morpholinoethyhether analog of my- 
cophenolic acid, MPA) inhibit purine 
synthesis pathways leading to the gen- 
eration of fjuanosine monophosphate, 
whereas Brequinar (quinoline carboxyltc 
acid) inhibits the de novo synthesis of 
pyrimidinM IL, interlpukin; R, receptor. 




Class n 
MHC 



ICAM-I 



IL-2 R ^ 
CD4 



O/p TCR 



CDl (2 



CD2 



T-ccIl 



fig. 2. Epitope targets of monoclonal 
antibodies. ICAM, intercellular adhesion 
molecule; IL, interieukin; MHC major 
histocompatibility complex; R, receptor; 
TCR, T-celt receptor. 



Table 1. Deierminanis recognized by immunosuppressive 




monoclonal antibodies 






Monorbnal antibody 


Oeterminant 


Refwenre 


IgM T10B9.1.A-31 
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Lymphocyte function -associated 
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tjquiiic or rabbit polyclonul anti lyinphf.>c>te sen (ALG) 
and/or mouse OKT-3 mAbs ha\'e been combined in cm 
pineal regimeas that arc often tailored to individuaJ pa 
tients. To address one limitation of CsA, nephro- ancl'or 
hepato-toxicity during the initial past-ininsplant phase 
of induction immunosuppref;si\'e therapy, which dcla>?i 
allograft and fraticnt rectn'ery. phamiacokineiic control 



programs hzvc been a*icd either to pre-selcct CsA doses 
fill or to combine ALG or OKT3 with Aza/Trcd in or 
der to delay treatment widi CsA. Howe\'er, immediate, 
rather than delayxxl, administration of CsA to patienui 
displa>ing good initial renal hinciion av-oids the disad- 
vantages of AIjG/OKT 3 induaion. namel>' an increased 
risk of qiomcgalovirus (CM\0 infection, additional ex- 
pense and/'or dela>'ed hospital discharge awaiting ,sat- 
isfactoiy CsA le\t'js after treatment ^ith CsA. Howevrr, 
patic»nLs at eximordinarily high immunologicjl risk, due 
to rejection of previous aUogmfts wiiliin three months, 
or with marginallj'ffunctloning orgaas may preferabty be 
la^aicxl with AIX} or OKT-3 induction as a possible means 
to delay the onset of rheir first rejection episodes. Two 
possible alternatiws for induction therapy are the CsA 
analogs that may displa\' reduced nephrotoxicit)', namely 
Cxrlosporin G (121, wiiich substitutes norvaline at po- 
sition 2, and IMM 125 with a hvxirophilic substiiueni at 
position 9. 

To date, no large randomi/cd study has shown ihu the 
induction regimen alters the cliniciil outcome; raihen a 
small cohort rejx>rted by Belitsky et at [ 13) shov^-cd 
no difference between AIX) wrsus Initial Cs.\ therapy, die 
t^^•o options for induc tion therap\'. There may l)e several 
reasons f<ir this, h'irstly, the pol>rlonal a*agents, such as 
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rabbii or equine Minnesota ALG and anti th>Tn(x.yie glob 
ulin, regardless of their source, opsonize T cells, leading 
to their removal from the circulation. This depletion (»h\i 
aies T tcll mediated attack on the allograft. Among other 
factors that must be considered is that the ccntraJ intra 
v€nc»us lines required for pot>'clonal administration may 
be accidental!)' contaminated, producing septicemia. Fur 
ther, there are no indices of the efficacy of the polyclonal 
sera. Peripheral blood T cell numbers above the target 
range of SO-150/mI tend only to be useful reflections 
of the appearance of human hasi anti equine antil)od- 
ies, not immunological resistance tt> therapy. Hie other 
induction therapy using OKT-3, vMidi c(A*er> and/or 
modulates CD3 epitopes on the T cell surface, offers 
the ad^-aniages of botl) peripheral iritravTenoas admin- 
istration and readily available fluorescence activated cell 
sorting (FACS) tests for aniibod>' efficacy. Tiie clinician 
monitors patient peripheral blood lymphoqte T cell epi 
ropes for (a) cells vviih expased CD3 epitopes that were 
not bound by OKT 3 in vivo by their cap;icity to bmd 
lluorescenjted OKT 3 in vitro, (b) the total number of 
circulating T cells ^ith fluorescenated anti-CD2, a pan 
T-celi marker, and ic) the proportion of OKT-3-coated 
cells deteaed with a goat anti-mouse IgG reagent, A sat- 
isfactory therapeutic effect Is observed v^licn the patient 
has <25% OKT-3 + celb in ritro and 60-75% CD2^T 
cells, about -40*^^ of which arc coated mouse IgG 
which binds to OKT-3. ^"hiie OKT 3 represents aji ad- 
vance in immunosuppressive thiera(>>', it has .several .seri- 
ous Lmiutions: (a) severe first-dose reactions, including 
chills, ftnvr. myalgias and, in the wrsi cases, pulmonary 
<jedema apparently due to lymphokine release ( panic- 
ularly tumor necrosis factor and intcrleukin (IL) 2; t.b) 
longer term adverse effetrts such as aseptic meningitis: 
(c) a deby in the ihcraix;utic effect for ;is long as 7 
da\'s after initiation of troaiment; (d ) induction of human 
;uiti-mousct antibodies, geficmlly of tlie anti idiotype vari- 
et>*, but not uncommonly of broader rciicti\iiy. t e) a fre- 
quent incidence of rebound re- rejection episodes upon 
cxjmplciion of the therapeutic cour^; and (0 a lendwicy 
award CMV inlections in 40% of treated patients. In ad- 
dition. IxMh |)oiyclonal and mAb reagents may produce 
excessive immunasupprcssion, resulting in increased in- 
cidences of CMV infectic^n ;ind'or of hanphomas and 
otlier neoplasm!), as vrell as allograft thn^mbosis. Thus, 
selection vf a CsA versus an aniibtxly induction regimen 
must balance tlic risks of nephrotoxicity wrsus thai of 
excessive immunosuppression. 

The use of CsA hits reduced tlie risk of acute rejection, 
but a rational ajtproach to CsA administration is c"onfiised 
by the tremend<ui> xariabilitv- between individuals in dnig 
phannacokinetirs and pharmacod\-namic.s [14], w'hich, in 
turn, generates a fear of irreversible renal injury in cise 
the CsA dt)sc is cxccssK'e. Three approaches haw been 
used to adda's.s this problem: (a) combining reduccxi 
CsK doses wth subtherapeutic amounts of Aza (15|; 
(b ) monitoring the parent compound CsA b,isal upon its 
trough concx'niraijon prior to the next driig dose 1 161; 
;uid (c) atljusiing CsA doses pmspectwly based upon 
avrrage ctjncentniiions <*alculattxl from serial measure 
ments of the area under the concentration time curve 



[111. Since drug ab.sor]Mion presents the greatest van 
ability in pharmacokinetics, attempts hdw been made 
,to increa<ie CsA bioavailabilit)' by co administration of 
Vitamin I-; (17). In addition, the manufacturer has pro 
duccd a new micro-emulsion formulation that increases 
the bioavailability by twofold above that of the exist- 
ing oral solution or capsule preparation, which show 
a]iii\'aleni bioavailability in studies tx)miraring both for- 
mulations |18|. The critical issue seems to be the dmg 
wncentratic^n in the allografi. While direct intra-anerial 
mfiision hxs been uscxi for experimenul nKxJels of re- 
nal or cardiac allografts, good drug uptake in man can 
be achieved by prc*stTiiing CsA as an aerosol in absolute 
ethanol when ii has a mean particle dianKter of 1.2 mi- 
crons 119|. 

Optimal use of CsA demands the measurement of drug 
concentrations/aciiviiies at the le^^•l of its l>'mph(X'yie re- 
ceptor or target signal; transduction molecule(s). which 
may be calcineurin (an enssvine that may be invDhxxl 
m a common step associated wih T cell anil IgE re- 
ceptor signaling pathways) (20»»1 or the nuclear factor 
of activated T cells (NF AT). However, a ma|or limita- 
tion may be ilie failure of CsA to inhibit lymphocyte 
activation via ilie CD2S surface marker |21J, an impor- 
tint CO stimulatory pathway that together ^ith T-cell re- 
ceptor (TCR) stimulation blocks induction of anergy in 
T cell clones (22]. Fortunately, rejetiion episodes under 
CliiA pmphylaclic therapy tend to be readily rcA-ersed by 
corticosteroid therapy,; and the majority of steroid-resis 
tant episodes are owrcome with polyclonal ALG ancl'or 
OKT 3 iherap\'. Corticosteroids are* Ixjlicmed to represent 
the Achille's heel of transplantation bcvausc of the wide 
distribution and pleiotropic effects of the gluc<;tconltx)id 
receptor supcrfamily found in the cytopLism. These are 
ON A binding dimeric iranscriptic^n factors with .i zinc fin- 
>;cr structure that rcvognize enhancer (or neg.uive reg 
ulitor) ckrmenis bearing the GRIi moiif (GTAC^nnI^r- 
GTTCr, where n = any nucleotide) One important neg- 
jtivv regulatory element is the AP-1 binding site, normally 
the f(xrus for fos-jun heterodimers [23) An altemaiive 
appnxich to the reduction of IL iP generation, an acoon 
typical of corticosteroids, Is u> inhibit the enzyme that 
citravx-s the inacti\Tr 31 kD precursor between Asp»><> and 
Ab*>" to relea'^r the 153 carboxyl ierminal amirK) acids 
that constitute IL ip (24). Another immunosuppressive 
effect may be achieved by the iipregulaiion of the s>ti- 
thesis of transforming growth factor-P by steroids [25|. 
Withdrawal of steroid trcaunent months to x-ears after the 
transplant may be successful in patients who did not re- 
itvt the transplant 126»J. 

Preliminary data suggi^t that a ten-day course of iltc IgM 
moasc anu-human a P TCR mAb T10D9.1A 31 |4). but 
not Bj\L\031 (C Ga»th. personal communication), not 
only produces ecjuix-alenl therapeutic effects to tht>se of 
OK'r-3. but is less toxic in terms of incidence of fever 
and neurological and respirator\' syiiipioms, as v\^*ll as 
of subsequent infcviions. Furthem)ore, T10B9 therapy is 
not asstKiated with *is great a rise in serum creatiiiine 
during treatment as 0KT3» suggesting a more rapid 
attenuation of the allo-immune response. Ilowex-er, the 
repeatcxl use of xcnogisneic antib<xiies during the induc- 
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lion phase as v^'dl as tor anti- rejection tlierapy may he 
rumplicated by iJie developmerii of neutralizing human 
jnti mousc antibociies. 

A major goal of ni;untenance immunosuppressive ther- 
apy is prophylaxis against chronic rejeaion. To date, not 
only has Cs/V*Pred therapy failed to reduce the incidence 
of this complication from the H-10% le\'el obser\'ed un- 
der the AZii'Tred combination, but there Is no ^^TJy to 
determine if the failure Ls due to its inherently modest in 
hibiiion of B-cell responses f»r to physicians' tendency to 
limit CsA therapy to minimal, possibly incffectivv, doses 
in order to mitigate a renal injuiy. Thus, despite the im- 
f)rt)vciiient in initial gnifi sur\'ival, transplants continue to 
tx.* lost in ilie longer term, with half-lives of about seven 
velars for cardiac and il.5 years for renal transplant in 
iiumans. A recent stud>* of the effeos of immunosuppres- 
<i\v diug^ on coronary x'ascular disease in heteaxopic rat 
cardiac allografts suggests that RAPA particularly. CsA lo 
a Ies*er extent, but deiinitcK' not KK-506. inhibit pailio- 
togical endothelial and smooth muscle lesions in arteric*s 
and arterioles^ ^*hich seem to be the critical lesions in the 
prpgreision of chronic rejection (2"^]. 



New pharmacological agents 

Jioth the macrolide FK*'>06 and the undtxap<-pti(le Cs.\ 
interr\ipt l>'mphokine synthesis by inhibiUng generation 
of the Ca^+ dependent regulatory proteins NF AT, NI1L 
IK NFIL-2B, and NK-xP, but not c fos, ^Ivch is necessar>' 
Ibr iL2 generation. Prcsuinal^ly, Ixrth drugs also affect 
.serine protease gene iraascripts, an excellent marker of 
rejection [28]. Tlic inhibition of c>ioic»xic T l>inphoc>ies 
( (m.s), ev en in the presence of optimal anK)nnts of IL-2, 
is a prominent effect of CsA (2y] and, apparently, FK-506. 
Despite the :issumption diai CsA and FK SCK) produce 
.similar inhibitory effects, at least three differences havie 
been observed: first, FK 506 displays a flatter inhibition 
curve than CsA with a wider discrep;inry in potency at 
the *»0% inhibition than at the 95% inhibition level; sec 
undh-, CsA leads to the generation of suppressive T cells, 
whereas FK-506 docs not; and thirdly, although both 
tirugs inhibit CfM^" T helper (Th) K-mphocyies, which 
^ec^ele IL 2, on!>' CsA (and not FK-50(>) [Xfrniiti; priming 
of CW*"Cn> (30). Furthermore, RreLst:her and Havele 
131 1 suggest that CsA sTviiclies the immune response to 
the graft from a delayed t>T>e h\perseasiuvit>' (.DTH) re 
.sfx)nse to an IgG res|)onse by inhibiting the Thl subset 
with the emergence of the nz subset, which actively in- 
duces IgG \ia [14 generation and inhibits Thl cells and 
DTH \ ia IL 10. Eioih CsA and FK 506 spare traascription 
of the down- regulatory K-niphokine IL-10. While CsA in- 
111 bits tnmscription of IL-6, this factor Ls not affected by 

1*he coming yc*ar should witness publication of a \ast ar- 
ray of randomized trials comparing the clinical outcome 
of livrr and renal transplants in patients irtMied v\ith 
FK StX) vrrsiis CsA. So far. a prelimina*r>' mm nmdom- 
ized study of liwr recipients showed tliat FK 506 tlierapy 
dispU-s greater neurotoxicit)^ etjuK-aJent nephrotoxicity, 



but. possibly, less hypertension than d(X:s CsA dierapy 
|32»*). A funher claim thai corticosteroids do not haw 
to 1k' used Willi FK 506 cannot be xvscssed due to two 
factors- firstly, the prot{)col stipulated higher PrcxJ doses 
in the CsA cohc^rt than those used with FK-506; and 
sct ondh', to dattr, there is no pharmacokinetic analysis 
of Pred conteniraiions in CsA versus FK 50(> treatment 
groups in order to exclude a drug interaction. Addi- 
tionally, the exirenieh' poor results in ihe iruii:il siud>', 
wherein allegedly CsA-resistant patients were convened 
to ireamient with rK-50(i, actually rellecied antagonism 
between the two drugs caascxl by (a) an adverse im- 
munological interaction Ivtween the two agents that ap 
parently have similar methanisms of aaion [33l and (b) 
comix^titive pharmacokinttic interactions. Although FK- 
SOb has not yet l>een shown to achiew clinii:al results 
even ecjuivalent to those of CsA, evrntual definition of its 
relaiiw therapeutic window will depend upon Phasi.- 1! 
studies to select well-tolerated drug dt»ses for random- 
i/cil tri.Us \'ersus CsA ihenipy 

VC'lien a second agent, RS(S)443, was ;idded in dtxses of 
2 5<X)-3 500 nog per day to a CsA/- Fred regimen, it seemed 
to reduce the incidence of acute rejection episcxJes. How- 
ever, these high doses are likely to prtxluce toxicit)', 
particu!arl>' leukopenia and gastrointestinal complaints 
|2"). Randomized pbcebo-coiitrolled trials atu' under- 
way to assess the cfticac\' of RS6l4i3 versus ^ added 
to a Cs-V'Preil reginieri (;)ther studies are examining the 
impact of a fourth agent. deox>*spetgualin. to potentiate 
an ALG' ATa/Pretl CsA induction prtHocol. 

Hie studies that cI:umc\J Aza dispbys phamucological 
s-\nergism with CsA failed lo utilize rigorous experi- 
mental design or data anal>'sis [34). For instance, both 
in ritrt) analyses [35] and clinical results demonstrate 
that .A/wi aas in an additive nianner rather than s\'ner 
gisticallv widi CsA [36]. SimilarK\ w rrr?io analyses sug 
gL-si that RS61-M3 [37], niizorbine [37), and thalidomide 
|3Hj aJst^ act in an additive manner with CsrV Although 
initial data suggested that BQR potentiates the cflfeci of 
CsA 13"1, recent experiments document ime .synergism 
[3"^]. Howx-ver, CsA RAPA combinations show ilie most 
impa*ssi\v dcgret* of s>Tieig;y both in titwdnd in tiiv 
1 391. Otice Phase I toxicity trials ha^'e l)een completed, it 
will Ix? possible to assess whether BQk or RA1*A displays 
the svTiergistic effects with CsA in human transplantation 
that are evident in rtxlenis and large animal models. 



New monoclonal antibody reagents 



Second generation niAbs are being designed to avoid the 
severe .systemic reactions due to l>-mphokine releitse that 
follow initial doses of OKT-3 For example, tlie IgG2b 
anu huinan a P VCR mAh UMA 031 used for induction 
therapy (tluee 50 mg do.ses administered on alternate 
da\'s) dela\-s the on.sei of first rejcxtii^n cpi.sodes and 
probably iniprows one >-ear graft survival (R Knight and 
DD Kahan, unpublisbwl data). Similar benefits have been 
rcix)rted with mou.sc^ and rat mAbs pnxluced against the 
activation induced a<hain. or to new epitopes resulting 
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from l)ie fomnation o( tlic aP complex, of the IL-2 recep- 
tor (8). 

Hovsw;r, treatment \viih these antibodies leads to a 
high incidence of human anti- mouse antibodies, ^-hich 
may anenuate the immunosuppressive effects. Recent 
work has explored approaches to consimci either (a) 
'chimeric' antibodies bearing human Fc segments joined 
to mouse F(ab')2 fragments, or (b) humanized' mAbs 
with mouse idiot>pes iasened onto human IgG isoiypes 
(Fig.3). Chimeric antibodies coriibine the variable re- 
gions of mouse antibodies with human antibody constant 
regions ard, therefore, present fewer foreign amino acid 
sequences to the host. However, one ihird of the struc- 
aire is still of mouse origin. Furt^iermore. a clinical trial 
using a chimeric anti-CD7 mAb not only failed to achieve; 
a superior level of immunosuppression induction, but 
also increased the incidence of \uscular thromboses |7]. 
The laner effea may havt; been related to the adhesion of 
Fc receptors on platelets and pol>'moq^honuclear leuko- 
cytes to the human Fc regbns, bound to endothelium 
via mouse epitop)es. On the otht*r hand, 'humanized' an- 
tibodies combine onh' the smallest part of a mouse an- 
tibody' that is required, the antigen combining site, with 
human variable region fiameworks and constant regions. 
Due to the reduced affinitv' of 'humaniTcd' antibodies for 
antigen epitopes, Co ctaL (40»1 recommended two inno- 
vations: firstly, selection of a human framework that is as 
homologous to the original moase antibody .is possible; 
and secondly', insertion of ke>' residues from the nwuse 
model into the constmci in onler to achievTe a molecular 
conformation that is similar to the native idiotype. The 
berieficial effects of chimeric and humanized' variants of 
mouse mAbs will be clarified only by randomized clinic;il 
trials. 

Two altemaci\*e apprctaches seek to utilize mAbs di- 
rected agaiast donor NIHC antigens or against co- re- 
ceptor moleailes: In a smdy of non human primates, 



OKT 'iA IgG2A niAbs, which react witli die CD4 co recep- 
tor on Th cells, provoked fewer side effcas than OKT-3 
|6). In an initial clinical trial of OICr-4A induction dier- 
apy (0.2mg''kg''diayX all six patients suffered rejections. 
These rejections were fextrsible, but left residual areas 
of dead tissue resulting from an obstructi(jn of the blood 
supply in half the renal allografts. Unfominateh', OKT-4A 
also generated a strong human anii moiise antibcxty re- 
sponse 0 Barry, personal communication). Fxperimcnial 
animal models are currcntl)- being used to determine if 
anUbody efl:]cacy is related to T cell deletion and is poten- 
tiated by simultaneous treatment with an and -CD8 mAb. 
On the one hand, Faihman and colleagues (41 ) found 
that depleting anti-CD4 niAbs produced probnged allo- 
unresponslvcness toward allogeneic pancreatic Lslets, an 
effect that was moderated by simultaneous treatnoent with 
anti CDS"*" mAbs, suggesting the role of a regulator CDS'*" 
cell. On the other hand, Waldmann and colleagues [42] 
induced tolenince tov^-ard mouse heart traasplants \vhere 
the donor and recipient were not matched at MHC level 
using an anti-CD4 mAb that not onl>' did not deplete T 
cells but also was potentiated by simultane<)us adminis- 
tration of an anti CDft mAb. 

A second approach to co-receptor molecules is based on 
the interaction of lymphocyie Junction-associated anti- 
gen (LFA)-! on CTLs i with the intercellular adhesion 
molecule (ICAM)4 or monocytes. Expression of lCAM-1 
is up- regulated following lympht)kine release, which oc- 
curs during acute allograft rejection but not during other 
pathological events in the kidne>' (43"|- Prophylactic and 
therapeutic administrations of a mAb dircctetJ against the 
high molecular weight a chain of human ICAM-1 alone 
delayed both the onset and progression of rejection 
episcxJcs in primate renal allograft models. I'sing mouse 
mAbs directed against 1>'A-1, Su)ppa ei aL (44) re\'ersed 
steroid resistant acute graft vcrsas ho.st reacuons in nun. 
Indeed, the combinaticm of anti lCAM-1 and anti-I-FA-1 
mAbs produced alio tolerance in mice that wrrc not com- 




Chimeric humon -mouse m.Ab 



* Humanized' mAb 



fig. 3. Tyf>es of monoclonal antibody. 
Chimeric antibodies combine the vari- 
able regions of mouse antibrxlies with 
htjman constant rogioas and, therefore, 
present fewer foreij^n amino acid se- 
quences to the host. 'Humanized' anti- 
bodies combine only the smallest part 
of; a mouse antibody that is required, 
the antigen binding site, with human 
variable region frameworks and con- 
stant regions. 
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patible at the MlIC level (-iS-J. These promising results 
in animal mocicls using niAbs directed against T-cell and 
moncK^te co- receptors au'ait confirmation in controlled 
clinical trials. 

While cbnical interventions to date have focused oji using 
mAbs directed u wards surface epitopes important for 
the afferent limb of the alio immune respoase, there is 
increxsing c\idence iliut anii idioi>pic anlilxKlies. either 
cxogcnously introduced (^r endogenous!)-, spontaneously 
generated, may a^gulate the induction of alio immune re 
sponses A recent study j>erf()rmed by Snider Hn) sug 
gested that iiiimunizaiion of hosts ^itli antigen-amibodv' 
complexes confers a bias in the epitope, resulting in a 
less efficient antibody response that shows anii-idiotypic 
properties. This approach represents a panicularh* fertile 
ground for clinic^ exploration. 



Cytokme receptor analogs and antagonists 



A nc\\' group of immunosuppress^e agents are the cy- 
tokine receptor antagonists. The disroviery and initial test- 
ing of an !L 1 receptor antagonist has been reviewed by 
Arend (*i7). IgG-stimuIated human moncx>tes naturall>' 
produce il.-l receptor antagonist, a heterogenous array 
of gl>'copfx)tcins of l>-25k'D, dependmg upon their de- 
gree of glycas^daiion. IL-1 receptor antagonist binds type 
I. but not type H, IL 1 receptors uillioui activating cells 
and with coasidcrabh' less avidity than native II.- la and 
IL-1. T>pe I IL 1 receptors are prt^nt on Th2 cells 
and fibroblasts; T\pe 11 IL-1 receptors are present on 
!i cells, neutrophils^ and macrophages. Although ther- 
apeutic trials of IL-1 rcccptcir antagonist in rheumatoid 
anhritis and septic shock suggest some beneficial effects, 
t-ahcrT>' ctal. (48) failed to observ'c that IL-1 a-cepior an- 
Ligonist inhibited induction of CTLs, cut;uiec)as DTH, or 
r cell dependent humoral antibody responses They also 
found that administration of a mAb to t\pe U lL-1 recep 
tor (35FS) wus ineffeciKu Faaslow et al [49*] rcxently 
cxtendwl their previous studies, wliich used constructs 
of the extra-membninous portion of the IL-1 receptor, 
by using similar coastrucis of the lL-4 receptor. In the 
initial studies, they prolonged heterotopic pinnal, neona 
till mouse heart allograft surviv-aL but faileii to prevent 
alio sensitization, as documented by a rapid, .secondary 
fV7>e proliferaiiv-e response upon in /v'rm one-way mixed 
lymphocyte reactions. In their recent studies, coasiructs 
*.)f IL-4 receptor alone, or in a^mbination with rat anti- 
mouse II.-4 receptor niAb. induced modest prolongation 
of hean allo-explants. 



Immunosuppressive drug trials 

Of the numcroas obstacles currently hindering the devx'l 
opment of efficacious imnuinosuppre.ssive regimerts, tlie 
lack of methodolpg)' for clinical traasplantation trials is t^f 
partiailar imponancc. To date, no scries of Phase 1 and 
II toxicitv' and dose finding trials has Ix-en conducted in 



order to establi.sh a foundation for clinical inv'estigation. 
The introduction of A7xi. . steroids, and CsA, as well as tlie 
preliminary trials of KK 506, have relied upon empirical 
approaches. Important obstacles to comprehensive trials 
include the relatively small numbers of transplant cases, 
the use of unrefined end points such as graft and patient 
.survTval, and the lack of well-established criteria for the 
diagnosis and grading of rejection cpi.sodcs, deficits that 
obfu.scate the use of tliis event as an intermediate end- 
|X)iiu. In addition, no in vitro immune assay prcxiicts 
or correlates with i>i viiK) Immunosuppressive efficacy; 
hence» there is no surrogate immune parameter as a basis 
of immunosuppressh-e efficacy and'or for dose extrapo- 
lation from in t'lVro s>-stems to in iv/'O conditions. 

Since present results widi CsA based reginiens yield ex- 
cellent graft survivals, extremely large numbers of pa- 
tients must be entered into clinical trials to document 
improved efficacy of a new agent. Even more extensive 
efforts will be necdecJ to exclude the possibilit)' diat the 
a'sults with the new agent arc not acaially wx)rse than 
thase obtained with; the existent (IsA regimen. In light 
of the presendy high success rates, the benefiLs of any 
new regimen must be based upttn both the poienc)' 
and die mitigation of side effects, as assessed by quan- 
titative parameters, including glomerular filtration rates. 
The practice of clinical research in transplantation must 
proceed to develop principles of rigorous stud>' design 
and precise analytic^.il tools in order to most expeditiously 
ev:aluate the avaibble array of new immunosuppressants 
described in this review. 
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INTERLEUKIN.12 (IL.12).DRIVEN ALLOIMMUNE RESPONSES 

IN VITRO AND IN VIVO 

Requirement for pi Subunit of the lL-12 ReceptorV 
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vitro and in vivo alloimmuae responses by exogenous 
IL.12. 



Background. Interleukin-12 (IL-12) mediates its bio- 
logic activities via binding higb-affinity receptors on T 
and natiiral killer cells. Although emphasis has been 
placed on the requirement for IL-12Rp2 in IL.12 bio- 
activity, the role of IL-12R^1 is less well defined. The 
current study evaluated the effects of exogenous ILrl2 
on alloantigen-specific immune responses and deter- 
mined the requirement for IL-12R^1 in IL-12-mediated 
alloimmunity. 

Methods. The mouse heterotopic cardiac transplant 
model was employed to evaluate the effects of IL-12 on 
alloantigen-specific immune responses in vivo. In ad- 
dition, IFN-y production in mixed lymphocyte cul- 
tures (MLC) supplemented with IL-12 was measured to 
assess the effects of IL.12 on Thl function in vitro. 
Mice deficient in IL-12Rpi (IL-12Rpi-'-) were used to 
determine the requirement for this receptor compo- 
nent in IL-12-driven alloimmune responses. 

Results. Addition of ILrl2 to MLC consisting of wild- 
type splenocytes enhanced alloantigen-specific prolif- 
erative responses and Thl development. In contrast, 
IL.12 did not alter these in vitro immune parameters 
in 1L-12RP1"'" MLC. Treatment of wild-type cardiac 
allograft recipients with IL-12 resulted in high concen- 
trations of serum interferon-y (IFN-y) and a 10-fold 
increase in IFN-y production by recipient splenocytes 
after restimulation in vitro. However, this fulminate 
Thl response did not accelerate allograft rejection. 
Importantly, IL-12 had no effect on serum IFN-y or in 
vivo priming of Thl in IL-12Rj31-'" recipients. Finally, 
administration of IL-12 to WT allograft recipients re- 
suited in a bimodal alloantibody response: antibody 
production was suppressed at high doses of IL-12| and 
enhanced at lower doses. 

Conclusions. IL-12 markedly enhances alloantigen- 
specific immune function; however, these exaggerated 
"Hi 1 -driven responses do not culminate in accelerated 
^ograft rejection. Further, these data indicate that 
IL-12RP1 is essential for the enhancement of both in 
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It is well established that interleukin-12 (ILrl2*) is a crit- 
ical cytokine involved in the regulation of Thl- and Th2- 
mediated immune responses in several experimental models 
(reviewed in 1 and 2). IL-12 has direct stimulatory and in- 
hibitory effects on Thl and Th2, respectively (5-6). Further, 
this cytokine promotes Thl and inhibits Th2 development 
indirectly by inducing interferon- y (IFN-y) production by ac- 
tivated T cells and natural killer cells {7-121 Thl have been 
accepted as key regulators of allografl rejection, in that this 
cell type promotes both . delayed-type hypersensitivity and 
cytotoxic t lymphocyte responses, which are believed to be 
the principle terminal effector mechanisms of acute allograft 
rejection {13, 14). An understanding of the role of IL-12 in 
graft rejection is just emerging. For example, IL-12 cleariy 
augments alloreactive Thl development in vitro (75). How- 
ever, the presence of IL-12 is not mandatory for the develop- 
ment of acute cardiac allograft rejection {15, 161 Hence, an 
important question is whether enhanced Thl function alters 
the rejection response. Given the IL-12/rhl dogma, one 
would predict that IL-12 would augment alloreactive Thl 
ftinction. resulting in accelerated allograft rejection. The 
present study therefore was designed to test the hypothesis 
that IL-12-driven Thl responses would exacerbate cardiac 
allograft rejection. 

IL-12 mediates its biologic effects by interacting with a 
high-affinity receptor, which consists of at least two cloned 
components. IL-12Rpi and IL-12Rp2 {17-19), IL-12R^1 in- 
teracts with the p40 subunit of IL-12. whereas the p35 sub- 
unit of IL-12 is believed to bind to IL-12RP2 (19. 20), Em- 
phasis has been placed on the necessity for IL-12RP2 in IL-12 
signaling {21, 22). However, by utilizing IL-12R/31 knockout 
mice (IL-12R/31''~>. Wu et al. {23) recently reported that the 
pi subunit of IL-12R is essential for IL-12-driven prolifera- 
tion and IFN-y production by mitogen-activated blasts, nat- 
ural killer cell lytic activity, and IFN-y production in re- 
sponse to endotoxin. We have reported that the p40 subunit 
of IL-12 stimulates alloreactive CD8+ Thl development both 
in vitro (24) and in \-ivo {15\ These obsen^ations suggest that 

* Abbre\'iations: Con A. concanavalin A; ELISA, enzyme-linked 
immunosorbent assay; GVHD. graft-versus-host disease; H&E. he- 
matoxylin and eosin; IFN-y. interferon-y, IL, interieukin IL- 
12R/31~'", mice deficient in )31 subunit of IL-12 receptor; mAb, mono- 
clonal antibody: MLC, mixed lymphocyte culture; WT, wild-type. 
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IL-12R^il may be needed for alloreactive Thl development, 
and that signaling through IL-12R/31 may be sufficient to 
mediate IL-I2'.s biologic activity on CD8+ T cells. Hence, the 
present study employed IL-12RjJl mice to determine 
whether ^1 subunit of IL-12R is re(iuired for IL-12-induced 
alloantigen-si>ccific immune responses. To our knowledge, 
this study is the first to investigate the effects of IL-12 
treatment on alloreactive Thl development in vivo and io 
establish a mandator)' role for IL-12R/31 in IL12-driven al- 
loimmune responses. 

MATERIALS .\ND METHODS 

Mice. Wild-type (WT) CblBlJG and BALB/c mice between 6 and 
12 weeks of age were obtained from C'harles River Laboratories 
(Raleigh, NO. Generation of C57BL/6 1L-12R01"'' mice has been 
described previously (231 These mice were generated on the 129ySv 
background and back-crossed to C57BL/6 mice for five generations, 
then intercrossed to generate homozygotes. 

Medium, The culture medium used in these studies was Dulbec- 
co*s minimum essential medium supplemented with 1.6 mM L-glu; 
tamine, 0.27 mM L-asparagine, 1.4 mM u-arginine HCI, 14 ^iM folic 
acid. 10 mM HEPES buffer, 10 mM sodium pyruvate, 100 units/ml 
penicillin/streptomycin, 2% fetal calf serum (all obtained from Life 
Technologies. Grand Island, NY), and 5> 10"* M 2-mercaptoethanoI 
(Sigma Chemical, St Louis, MO). 

MUogen-drU-en cytokine production. To investigate the require- 
ment for the pi subunit of IL-12R in mitogen-stimulated IL-10 and 
IFN-y production, splenocytes (2X10® cells/ml) isolated from naive 
WT or IL-12R01"'' C57BL/6 mice were incubated for 72 hr with 1 
fig/ml concanavalin A (Con A) (Sigma Chemical). Cultures were 
supplemented with 1 ng/ml murine recombinant IL-12 (rIL-12) 
(kindly provided by Dr. Maurice Gately. Hoffmann-La Roche Inc.) to 
assess the effect of exogenous IL-)2 on Con A-stimulated cytokine 
production by splenocytes of WT and I L-12R01 -deficient mice. Re- 
sulting supematants were harvested at 72 hr, and the concentra- 
tions of IL-10 and IFN-y measured by enzyme-linked immuno.sor- 
bent assay (ELISA). 

In vitro altoirnmune responses. To assess a lloantigen -specific Thl 
development, splenocytes U>: 10® ccUs/ml) isolated from naive WT or 
IL-12R/31~^' C57BL/6 mice were incubated for 5 days with irradi- 
ated (5000 rads) BALB/c splenocytes (1 'ilO^ cells/ml). Where indi- 
cated, 1 ng/ml of murine rIL-12 was added to primary mixed lj*m- 
phocyte cultures (MIX)) to assess the elTect of exogenous IL-12 on 
alloantigen driven Thl function and to evaluate whether Thl from 
IL-12Rpl-deficient mice were responsive to IL-12 stimulation. The 
concentration of rIL-12 was selected from dose-response experiments 
in which the amount of rIL-12 needed for maximal enhancement of 
alloantigen-spccinc proliferation was 5-10 ng/mHdata not shown). 
Resulting cell populations were han-csted, washed three times, and 
restimulated (at ixlO^ cells/mU with irradiated BALB/c stimulator 
cells (IX 10** cells/ml). MLC supematants were collected after 24 hr 
(IL-4 and IL-10 • or 72 hr (IFN-y), and c>'tokine concentrations mea- 
sured by ELISA 

In addition, splenoc>'te proliferative response to alloantigens was 
determined in cultures either left unmodified or supplemented with 
1 ng/ml murine rIL-12. WT or 1L-12R/31"'" C57BL/6 splenocytes 
(1X10* cells/ml) were stimulated for 5 days with irradiated BALB/c 
splenocytes (KID* cells/mlj in 96-well U-bottom plates (Bccton 
Dickinson, Lincoln Park, NY) in a final volume of 200 ^1 (done in 
quadruplicate). Cultures were pulsed with 0.5 ^Ci/vre\\ (methyl- 
^Hlthymidine (ICN, Costa Mesa, CA) for the final 8 hr of the incu- 
bation period. jmethyl-^HIThymidine incorporation was assessed on 
a Wallac 1205 Betaplate scintillation counter (Wallac, Turku. Fin- 
land). 

Heterotopic cardiac transplantation. Intact BALB/c (H2**) hearts 
were anastomosed to the great vessels in the abdomens of WT or 



]L-V2R^\" 0573176 (H2^) mice as described by Corry et al. (25) - 
this jnodeK the transplanted heart in perfused with the recipiem'^ 
blood and resumes contractions until acutely rejected, which occurs 
in unnutdificd WT recipients of this strain combination in approxj, 
mately 8-9 days \15, 24 1 Graft function was evaluated by daily 
abdominal palpation. Myocyte damage and intensity of graft-ioiy. 
trating cells were assessed by routine hematoxylin and oosin (H&g) 
staining of paraffin-embedded sections of transplanted allografts. 

Experimental groups. Cardiac allograft recipients were divided 
into four groups: (1) recipients injected intraperitonealiy with 1 mgof 
anti-CD8 monoclonal antibody ImAb) (hybridoma 2.43, purified by 
Montana ImmunoTech Inc., Bozeman. MT) on days -2 and -i 
before transplantation, (2) animals given daily intraperitoneal injec- 
tions of murine rlL-12 lO.l or 1.0 mB) on days 1-6 after transplan- 
talion, (3) recipients ii\jected with a combination of 2.43 anti-CD8 
mAb plus rIL-12, and (4} unmodified (no treatment) mice, whidi 
served as controls. Depletion of CD8+ cells (<2%) was verified by 
flow cytometr>' using anti-CD8:fluorescein isothiocyanate antibody 
tPharMingen). 

In vivo alloimmunc responses. To monitor in vivo Thl develop, 
ment, splenocytes (I :< 10* cells/ml) obtained from allograft recipients 
were restimulated w;ith irradiated BALB/c stimulator cells <I:< 10* 
cells/mil, and the concentration of IFN-y was measured by ELISA 
As an additional measure of the in vivo activity of 11^12 on IFN-y 
production, sera IFN-y concentrations in WT and IL-12R^1"'~ car- 
diac allograft recipients were measured by ELISA. Further, to assess 
the effect of 11^12 treatment on B cell function, sera alloantilody 
(IgM. IgGl, and lgG2a) levels were determined (se« below). 

Cytokine ELISA, Experimental samples (100 /il) were added in 
triplicate to plates coated with 5 fig/ml rat anti-mouse IFN-y. IL-4, or 
IL-10 capture antibttdies (PharMingen). Standards were employed 
by preparing 2-fold dilutions of murine recombinant IFN-y, IL-4. aad 
IL-10 (PharMingen). with a starting concentration of 25, 2.5, and 10 
ng/ml, respectively. After a 1-hr incubation at room temperature, 
plates were wiwhed three times with 0.05% Tween 20 in PBS. One 
hundred microliters of rat anti-mouse secondary biotinylated anti- 
bodies (1 ^g/nil) (PharMingen) was then added, and plates were 
incubated at r(»om temperature for 45 min. Plates were then washed 
three times with 0.05% TSveen 20 in PBS, and 100 ml of avidin- 
pcroxidase (Sigma Chemicals) was added. After a 30-min incubation 
at room temperature, plates were washed three times with 0.05% 
Tween 20 in PHS, and 100 ml of 2,2'-a2ino-bis(3-ethylbenzthiazoline- 
6-sulfonic acid I substrate (Sigma Chemical) was then added to each 
well. After 20 min, absorbance was determined at 405 nm by an EL 
800 microplate reader (Bio-Tek Instniments, Winooski, VT). Sample 
cytokine concentrations were calculated from a standard cur\-e The 
sensitivity of this assay is approximately 300 pg/ml for IFN-y. 100 
pg/ml for IL-4, and 150 pg/ml for IL-10. 

Sera alloantibody determination. P815 cells (H2**) were stained 
for flow cytometric analysis using dilutions of sera (1:50) obtained 
from cardiac allograft recipients as the primary antibody, followed by 
fluorescein isothiocVanate-conjugated isotype-spocific anti-mouse 
IgM, IgGl, anil IgCi2a secondary antibodies (The Binding Site, San 
Diego, CA), Data ai^ reported as the mean channel fluorescence 
determined on a Bectoh Dickinson FACScan. 

Statistics, Statistical analyses in this study were done using a 
Student's t test performed by the program StatView 4.1. 

RESULTS 

Requirement for IL-12RP! in T Cell Responses in Vitro 
Enhancement of mitogen-driven IFN-y and IL-10 produc- 
tion by IL-12 requires IL-I2Rpi. ILrl2 stimulates concomi- 
tant production of IL-10 and IFN-y by activated T cells {15, 
26, 27). To deterhiine whether /31 subunit of IL-12R is re- 
quired for production of these cytokines, C57BL/6 spleno- 
cytes isolated WT or IL-12R/31-deficient mice were stimu- 
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lated with Con A for 72 hr, and supernatant cytokine 
concentrations were determined by ELISA. Production of the 
Thl cytokine IFN-7 by Con A-stimulated splenocytes isolated 
from 1L-12R^1"'" mice was readily detectable (Fig. lA), al- 
though concentrations were lower than that seen in WT 
controls (IL.12Rpr' =1.03 ng/ml vs. WT=5.24 ng/ml). Ad- 
dition of exogenous rIL-12 significantly enhanced IFN-y pro- 
duction bymitogen-stimulated splenocytes obtained from 
WT mice (15.79 ng/ml). In contrast. IFN-y production by 
splenocytes from IL-12Rpr'" mice was not altered after the 
addition of rIL-12 (1.54 ng/ml). 
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The fequirement for IL-12Rpi in IL.l2-dnven IL-IO pro- 
duction also was assessed. Splenocytes isolated from IL- 
12R/31-deficient mice produced similar levels of IL-10 upon 
Con A stimulation when compared to WT cells (Fig. IB). 
rIL-12 enhanced Con A-stimulated IL-10 production by WT 
splenocytes (2.70 ng/ml vs. 5.65 ng/ml). However, the 01 
subunit of IL-12R was required for this response, as IL- 12 did 
not affect IL-10 secretion by mitogen-stimulated IL- 
12Rpi~'" splenocytes. 

In vitro alloreactive T helper cell development To evaluate 
the requirement for IL-12RP1 in IL-12-driven alloantigen- 
specific T cell development, naive splenocytes obtained from 
WT or IL-12Rpi~'^" mice were incubated for 5 days with 
irradiated BALB/c splenocytes in primary MLC. which were 
either left unmodified or supplemented with rIL-12. Result- 
ing cell populations were restimulated with irradiated 
BALB/c splenocytes in the absence of rIL-12. and in vitro 
IFN-y. IL-4, and IL-10 production determined by ELISA 
(Table 1). Primed WT splenocytes secreted high levels of 
IFN-y upon restimulation with alloantigens. Splenocytes ob- 
tained from IL-12R01-'" mice secreted IFN-y upon restimu- 
lation with alloantigens, albeit to a lesser degree than WT 
cells (WT=21.32 ng/ml vs. IL-12Rpi-''" = 5.72 ng/ml). The 
decrease in alloantigen-stimulated IFN-y production in IL- 
12R/31-deficient mice was not associated with a decrease in 
the cells* ability to proliferate in response to alloantigens 
(Fig. 2), in that (methyl-**H I thymidine incorporation by al- 
loantigen-stimulated IL-12Rpr'' splenocytes was similar to 
that seen by WT cells (IL-12R/31 = 13.385 cpm vs. 
WT^ 11,441 cpm). In both groups. IL-4, IL-10 (Table 1). and 
IL-5 (data not shown) were not detected in cultures that were 
not supplemented with exogenous rIL-12. 

As shown in Table 1, exogenous rIL-12 markedly enhanced 
IFN-y production by WT splenocytes in vitro (21 32 ng/ml vs. 
215.13 ng/ml). but failed to augment IFN-y secretion by cells 
obtained from IL-12R/31 ' imice (5.72 ng/ml vs. 6.80 ng/ml). 
Likewise, rIL-12 significantly enhanced WT splenocyte pro- 
liferation in the MLC (Fig. 2), but did not alter the prolifer- 
ative ability of splenocytes isolated from IL-12Rpi-dericient 
mice. Finally, the addition of exogenous rIL-12 to cultures 



Table 1. IL- 12 does not enhance alloantigen-specific Thl 
development in IL-12R ^1"'" mice i n vitro" 
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PlOURE 1. Mitogen driven oi^kine production by splenocytes iso- 
lated from IL-12R^r'" mice. Splenocjles (2x10^ cells/ml) obUined 
from WT or 1L-12R^1" ' C57B176 mice were stimulated in vitro with 
1 Mg/ml Con A Cultures were either left untreated or supplemented 
with murine rIL-12 U ng/ml>. Supernatante were collected after 72 
k and the concentrations of IFN-y (A) and IL-10 IB) were deter- 
mined by ELISA. Results ore expressed as the mean cytokine con- 
centration in triplicate samples t SD. Data are representative of 
three separate experiments. In panel A, *, P<0.05 (WT unmodified 
»s. IL-12R0r'* unmodified), •**, P<0.005 (WT unmodified vs. WT 
lL-12-treated). In panel B, *. ?<0.O5 (WT unmodified vs. WT IL-12- 
treated). 



Treatment 


lFN-> 
i ng/ml) 


IL-4 

(ng/ml) 


IL-10 
(ng/ml) 


Unmodified 






ND 


WT 


21.32±0.H8 


ND 


1L-12R31-'- 


5.72±Q.24** 


ND 


ND 


lL-12 CI ng/ml) 






1.54*0.21 


WT 


215.1M±13.52*** 


ND 


IL-l2R0r'" 


6.80i0.21 


ND 


ND 



Splenoc>les (1x10* cells/ml) obtained from WT or IL-12R3r'- 
C57BL/6 mice were incubated for 5 days with irradiated allogeneic 
spIenoc>tes llxlO* cells/ml) in unmodified MLC or MLC supple- 
mented with murine rIL.12 (1 ng/ml). Resulting cell populations 
were harvested and restimulated with alloantigens for c>-tokine de- 
termination. SupematanU concentrations of IFN-y (72 hr), IL-4 (24 
hr), and IL-10 <24 hr) were measured by ELISA. Results are ex- 
pressed as the cytokine concentration in triplicate samples (mean ± 
SD). Data are representative of four separate experiments. ND in- 
dicates not detectable. ♦*,P<0.01. WT unmodified vs. lL-12R/3r'- 
unmodified; **', ?<0.005, WT unmodified vs. WT IL-12-treated. 
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Figure 2. The 01 subunit of ILr 12 receptor is required for IL-12- 
induced stimulation of alloantigen-specific splenocyte proliferation. 
C57BL/6 3plenocytes (1X10® cellB/ml) were stimulated with irradi- 
ated allogeneic BALB/c splenocytes (ixlO® cells/ml) in 96-well mi- 
crotiter plates for 5 days. Cultures were pulsed with 0.5 fiCi/weW 
Imethyl-^Hlthymidine for the final 8 hr of the incubation period, and 
thymidine incoiporation was determined by liquid scintillation spec- 
trophotometry. Results are expressed as the mean cpm in quadru- 
plicate samples ± SD. DaU are representative of three separate 
experiments. *, P<0.05 (WT unmodified vs. WT IL-12-treated). 

stimulated the secretion of IL-10 by alloantigen-stimulated 
WT splenocytes, but not IL-12R/3r'" cells (Table 1). Collec- 
tively, these data indicate that the fil subunit of ILrl2R is 
required for the enhancement of several in vitro alloimmune 
responses by exogenous rIL-12. including increased alloanti- 
gen-stimulated T cell proliferation, and IFN-y and IL-10 
production. 

Effects of Exogenous IL'12 on Alloimmune Responses 
in Vivo 

Enhancement of serum IFN-y by IL- 12 treatment. To mon- 
itor the in situ effects of IL-12 treatment on IFN-7 production 
in cardiac allograft recipients, serum IFN-y concentrations 
were measured on day 7 after transplantation (Fig. 3). In 
both WT and IL-12RP1 ' allograft recipients, serum IFN-y 
was undetectable by ELISA on day 7 after transplantation. 
Treatment of WT recipients with rIL-12 markedly increased 
serum IFN-y in three independent experiments; however, 
this treatment regimen had little effect on the concentration 
of serum IFN-y in IL-12R^1''" allograft recipients. 

Effects of IL-12 on alloantigen-specific Thl development in 
vivo. Splenocytes obtained from cardiac allograft recipients 
were restimulated in vitro with donor alloantigens and su- 
pernatant concentrations of IFN-y were determined by 
ELISA. This assay detects in vivo primed Thl, in that spleno- 
cytes from naive, nontransplanted mice produce minimal or 
undetectable levels of IFN-y under these conditions (J5, 16, 
24), Restimulation of splenocytes from unmodified IL- 
12Rpi"'" allograft recipiente with donor alloantigens re- 
sulted in the secretion of similar amounts of IFN-y compared 
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Treatment In Vivo 

Figure 3. Treatment of WT, but not lL-12Rpi"' " allograft recipi- 
ents with rIL-12 markedly increases serum IFN-y. WT or IL- 
12Rpi"'' C57BIV6 mice bearing BALB/c cardiac allografts were 
either left untreated or given daily intraperitoneal injections of 1.0 
/ig of rlL-12 on days 1-6 after transplantation. On day 7, blood 
obtained from allograft recipients was pooled and scrum collected 
after centrifugation. Serum IFN-y was determined by ELISA, Re- 
sults are expressed as the mean cytokine concentration in triplicate 
samples ± SD. Data are representative of throe independent exper- 
imente. ND indicates not detectable. *♦*. P<: 0.005 (WT 11^12-treated 
vs. IL-12RP1 IL-12-treated). 



to that seen in WT recipients (IL-12R01 '" = 7.16 ng/ml vs. 
WT=6.24 ng/ml) (Fig. 4). Treatment of WT recipients with 
IL-12 resulted in a lO-fold; increase in the production of IFN-y 
(59.05 ng/ml). In contrast. IFN-y production by splenocytes 
obtained from IL-12Rpl recipients treated with IL-12 in 
vivo was similar to untreated values (9.59 ng/ml). indicating 
that the pi subunit of IL-12R is required for IL-12-mediated 
enhancement of in vivo sensitization of IFN-y-producing 
cells. Further, these results indicate that in vivo Thl devel- 
opment can occur in a state of IL-12 unresponsiveness. 

Effects of exogenous iL- 12 on cardiac allograft rejection. 
As IL-12 treatment markedly enhanced Thl responses in WT 
allograft recipients (Figs, 3 and 4), one might predict that 
IL-12 treatment would exacerbate allograft rejection. To test 
this possibility, cardiac allograft function was monitored by 
daily abdominal palpation in WT or IL-12Rpi"'- allograft 
recipients bearing BALB/c hearte. Cardiac allograft recipi- 
ents were either left untreated or iiyected once daily with 1.0 
^g of rlL-12. Treatment of WT allograft recipients with this 
dose of rIL-12 (n==10) resulted in symptoms of cachexia in- 
cluding weight loss (mean decrease =2.0 ±0.7 g in 1 week), 
ruffed fur, hunched posture, and decreased activity. In con- 
trast. IL-12RP1"' allograft recipients exhibited no signs of 
IL-12-induced toxicity. 

The mean cardiac allograft survival in unmodified WT 
recipients was approximately 8 days (data not shown; i5, 24Y 
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:ipi* Figure 4. Enhancement of in vivo sensitization of IFN-y-producing 

IL- cells by IL-12 requires IL-12Ri51. WT or IL-iaRpi"'- C57BL/6 car- 

diac allograft recipienU were either left untreated or iiyected daily 
■ 10 with 1.0 Mg of rlL-12 on days 1- 6 after transplantation. To assess in 

lood vivo Thl development, splenocytes (ixiO® cells/ml) obtained from 

:ted cardiac allograft recipients were restimulated with irradiated 

Re- BALB/c splenocytes (IxlO* cells/ml). Supematants were collected 

catfi after 72 hr, and the concentration of IFN-y was determined by 

per- ELISA. Results are expressed as the mean concentration of IFN-y in 

ited triplicate samples ± SD. Data are representative of three separate 

experiments. •*♦. P<0.005 (WT unmodified vs. WT IL-12-treated). 



vs. Cardiac allografts in IL-12R/31"''" recipients were rejected in 

/ith a similar fashion to that seen in ILrl2-dericicnt mice {15), in 

N-7 that grafts were uniformly rejected by day 7 (n=8). As ex- 

4es pected, treatment of IL-12Rpi"'~ allograft recipients with 

2 in rIL-12 had no effect on the tempo of allograft rejection (n=6). 

ting Interestingly, despite the overwhelming Thl response in- 

ited duced by rIL-12 in WT allograft recipients (Figs. 3 and 4), 

;ing treatment of these animals with rILrl2 did not appear to 

vel' accelerate the tempo of graft rejection when compared to 
grafts of untreated WT recipients on day 7 after transplan- 

ion. tation. For example, 7 of 10 (70%) allografts of WT recipients 

WT treated with rILrl2 were still functioning on day 7. A histo- 

Jiat logic evaluation of these grafts revealed similar parameters 

test of early rejection compared to unmodified WT recipients. 

1 by Specifically, histolog>' was characterized by diffuse mononu- 

raft clear cell infiltrates, viable myocytes as evidenced by visible 

:ipi- nuclei, and relatively uninvolved vessels (Fig. 5). Hence. 

1 1.0 rILri2 treatment did not accelerate the pathologic changes 

this associated with acute rejection. 

\ iO' Phenotype of alloantigen-reactive Thl in WT allograft re- 

•ek). <^ipi€nts treated with rIL'12. To determine the phenotype of 

con- Thl responsive to exogenous rIL-12, WT cardiac recipients 

iS of were depleted in vivo of CD8+ T cells (Fig. 6). Splenocytes 
obtained from CDS depleted cardiac allograft recipients pro- 

M/T duced markedly less IFN-y upon in vitro restimulation with 
241 \ irradiated donor splenocytes (WT unmodified == 6, 15 ng/ml vs. 




Figure 6. Exogenous IL-12 does not exacerbate cardiac allograft 
rejection, 0576176 WT recipients of BALB/c cardiac allografts were 
either left untreated or iiyected intraperitoneally with murine rIL-12 
(1.0 ;ig) on da>-s 1-6 after transplantaUon. On day 7. allografts were 
harvested for histologic evaluation. (A) H&E-stained secUon of allo- 
grafts from WT recipients left untreated (original magnification, 
X400). (B) H&E-stained section of allografts from WT recipients 
treated with rIL.12 (original magnification, X400). Note in both 
experimental groups moderate mononuclear cell infiltrates, and rel- 
ative health of myocytes and vessels. These characteristics are asso- 
ciated with the early phase of acute rejection before onset of myocyte 
necrosis and vascular damage, which is observ ed on days 8 or 9 after 
transplantation. Results are representative of at least 10 individual 
transplants for each experimental group. 

WT anti-CD8 mAb-treated=0.52 ng/ml). Similarly, Thl that 
develop as a result of IL-12 stimulation in these experiments 
were predominantly CD8+ T cells (Fig, 6), as depletion of 
CDS cells resulted in a reduction in IFN-y production (\VT 
IL-12-treated= 35.89 rig/ml vs. WT IL-12 plus anti-CD8 mAb- 
treated=2.75 ng/ml). 

IL-12 Treatment (LO pgiDay) Inhibits 
Alloantihody Responses 

Given our findings that treatment of WT cardiac allograft 
recipients with rIL-12 resulted in significant augmentation 
of serum IFN-y {Fig. 3) and in vivo priming of Thl (Fig. 4). 
one would predict that IL-12 treatment should drive IgG2a 
alloantihody production. To test this possibility, sera alloan- 
tihody production wa^ assessed on day 7 after transplanta- 
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Figure 6. Alloantigen-specific Thl responding to exogenous rlLrl2 
are CD8+ T cells. In these experiments, splenocytes were obtained 
from cardiac allograft recipienU either left untreated or treated with 
anti-CD8 mAb, rILrl2, or a combination of anti-CD8 mAb plus rlL- 
12. Thl function was assessed by IFN-y production after a 72-hr 
restimulation of recipient's splenocytes with irradiated BALB/c 
splenocytes. Results are expressed as the mean concentration of 
IFN-7 in triplicate samples ± SD. Data are representative of three 
separate experiments. **♦. P<0.005 (WT unmodified vs. WT anti- 
CD8 mAb-treated; WT lL.12.treated vs. WT IL-12 plus anti-CD8 
mAb-treated). 

tion in WT cardiac allograft recipients either left unmodified 
or treated once daily with l.O of rlL-12. In these experi- 
ments, sera IgG2a was undetectable in rIL-12-treated WT 
allograft recipients at this time point (data not shown). Fur- 
ther, treatment of WT recipients with rIL-12 resulted in 
reduced sera IgM alloantibody in three independent experi- 
ments, compared to untreated WT recipients (Table 2). This 
observation indicates that high doses of rIL-12 inhibit, rather 
than enhance, alloantibody production in this model. In con- 
trast, treatment of IL-12R^1-'" allograft recipients with 
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rIL-12 resulted in a slight increase in sera IgM compared to 
unmodified knockout recipients. 

Effects ofLoW'dose IL-12 (0.1 y^lDayl on 
Alloantibody Responses 

The reduction in sera IgM in WT allograft recipients after 
rIL-12 (1.0 ;ig/day) treatment (Table 2) may have been 
caused bv anti-proliferative or toxic effects on B cell function 
caused by rlL-12 and/or IFN-y. To test this possibility, WT 
cardiac allograft recipients were treated once daily with 0.1 
ptg of rIL-12 and sera alloantibody levels were assessed on 
day 7 or 8 after transplantation. No alterations in the pathol- 
ogy of allograft rejection was observed in recipients treated 
with 0.1 tig of rILrl2 compared to 1.0 (data not shown). 
Further, treatment of WT allograft recipients with 0.1 ^g of 
rIL-12 resulted in significantly less IL-12-induced toxicity, 
serum IFN-7 concentrations in these animals were undetect- 
able by ELISA, and in vivo Thl sensitization was similar to 
untreated allograft recipients (data not shown). These re- 
sults suggested that the 0.1-^g dose of rILrl2 was ineffective 
in vivo. However, unlike the higher dose of rILrl2 (1.0 /ig), 
treatment of WT cardiac allograft recipients with 0.1 ptg of 
rILrl2 resulted in an increase in sera IgG2a, but not IgGl at 
both days 7 and 8 after transplantation (Table 3). Further, 
IL-12 treatment augmented sera IgM levels at both time 
points. 

DISCUSSION , 
Bioactive IL-12 exists as a p70 heterodimer composed of 
p35 and p40 subunits (25. 29). Each subunit of IL-12 inter- 
acts with a distinct component of the IL-12R: p40 binds to 
IL-12RP1 and p35 interacts with IL-12RP2 (19, 20): Both 
receptor subunits are associated with members of the Janus 
kinase family (30), and therefore may facilitate ILrl2-medi- 
ated signal transduction. However, most of the attention has 
been given to IL-12Rp2, which associates with JAK2 (30). For 
example, recent evidence supports a requirement for IL- 
12R^2 expression in IL-12-induced phosphorylation of Stat4 
(21, 22). Further, these studies revealed the importance of 
the 02 subunit of ILrl2R by demonstrating that the unre- 
sponsiveness of Th2 to IL-12 in both human (21) and mouse 
(22) is a result of loss of IL-12RP2 expression by these cells. 
These results indicate that the binding of the p40 subunit of 
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Table 2. High -dose rIL-12 inhibits IgM production in vivo^ 
Serum IgM (mean channel fluoresce nce) 
Unmodified IL-12 Treatment 



WT 
Experiment 1 
Experiment 2 
Experiment 3 

IL.12R/3r'- 
Experiment 1 
Experiment 2 
Experiment 3 



37.18 
33.97 
78.51 

17.36 
33-83 
21.67 



9.85 
11.39 
27.37 

31.52 
43.64 
35.96 



" Serum was obtained on day 7 after transplantation from WT or 
IL.12RP1"'" cardiac allograft recipients. Animals were either left 
untreated or injected with 1 Mg of rIL-12 once daily. Anti-BALB/c 
IgM was assessed by flow cytometo' using P815 (H2'*) Urget cells as 
described under Matenals and Methods. Data are reported as the 
mean channel fluorescence and represent three separate experi- 
ments for each group. 



Table 3. Low-dose rIL-12 augments IgM and IgG2a production in 
vivo** 



Mean channel fluorescence 



IgM 



IgGl 



IgG2a 



Experiment 1 (day 7) 

Unmodified U.^O 

11^12 28.94 

Experiment 2 (day 8) 

Unmodified 31.54 

11^12 46.57 



2.06 
2.67 

8.53 
9.72 



2.58 
12.79 

16.31 
49.00 



» Serum was obtained on day 7 or 8 after transplanUtion from 
cardiac allograft recipients either left untreated or iiyected with 0.1 
Mg of rlL-12 once daily. Isotype-specific anti-BALB/c alloantibody 
was assessed by flow cytometry using P815 (H2**) target cells as 
described under Materials and Methods. Data are reported as the 
mean channel fluorescence. Mean channel fluorescence for isotype 
controls were 1.65 (IgM), 1.67 (IgGl). and 1.57 (IgG2a). 
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IL-12 to lL-12Rpi is not sulTicient to mediate the bioactivity 
of heterodimer IL-12. However, we have reported that p40 
promotes alloantigen-specific CD8+ Thl development in the 
absence of heterodimer IL-12 (15). This observation suggests 
that IL-12 p40 mediates its stimulatory effect through IL- 
12R/31 alone, or that lL-12Rpi associates with a yet uniden- 
tified component of IL-12R on CD8+ T cells. These possibil- 
ities have not been tested. Additional data are emerging that 
support a biologic role of p40 interacting with IL-12Rpi (1). 
Specifically, p35 knockout mice, which are capable of produc- 
ing p40 in levels similar to WT mice {31\ are less susceptible 
to infection with Listeria and Cryptococcus neoformas com- 
pared to p40 knockout mice. Hence, one goal of the current 
study was to assess the role of IL-12Rpi in alloimmune 
responses both in vitro and in vivo. 

IL-12 is a potent stimulator of in vitro alloantigen-specific 
Thl development, in that the addition of IL-12 to MLC con- 
sisting of WT responder splenocytes resulted in a 10-fold or 
greater increase in IFN-y production (Table 1; 151 Exoge- 
nous rlL-12 also markedly augments in vitro Thl develop- 
ment in mice that are deficient in p35, p40 {15) or both 
subunits of IL-12 (JR Piccotti and DK Bishop, unpublished 
observations), indicating that T cells of these mice are 
equipped with a functional IL-12R. In contrast, IL-12 did not 
alter MLC IFN-7 production by splenocytes of IL-12Rpl~' 
mice (Table 1). This result illustrates the requirement of /31 
subunit of 1L-12R for IL-12-driven Thl differentiation in 
vitro. It should be noted that, although IFN-y production by 
lL-12Rpi~'" splenocytes in MLC was reduced compared to 
WT values (Table I), this cytokine was readily detectable by 
ELISA, suggesting that IL-12 is not an absolute requirement 
for in vitro Thl responses. 

IL-12 is also a key cytokine involved in promoting cell- 
mediated immune responses in vivo (J, 2). However, what 
role IL-12 plays in transplant rejection remains unclear. It 
has been reported that ILrl2 has a central role in the pro- 
gression of acute graft- versus-h(»st disease (GVHD) in mice 
(6, 32). In these studies, neutralizing IL-12 with a polyclonal 
anti-IL-12 antibody results in the amelioration of acute 
GVHD (32) and, conversely, treatment with exogenous IL-12 
converts chronic GVHD into exacerbated acute GVHD {6, 52). 
Further, WilHamson et al. (33) have reported that neutrahz- 
ing IL-12 during the inductive phase of GVHD results in a 
Thl to Th2 shift evidenced by a reduction in IFN-y and 
enhancement of IL-5 and IL-10 production by Con A-stimu- 
latcd splenocj-tes. In contrast to these findings, neutralizing 
IL-12 in mouse vascularized cardiac allograft recipients pro- 
motes intragraft Th2 cytokine (IL-4 and IL-10) gene expres- 
sion; however, these grafts are rejected in an accelerated 
fashion compared to untreated recipients U€). Importantly, 
in vivo Thl priming is not inhibited by IL-12 neutralization, 
indicating that Thl development can occur independent of 
'lrl2 (16). This possibility is further supported by the obser- 
vation that splenocytes of IL-12Rpi '^" allograft recipients 
produce similar concentrations of IFN-y upon restimulation 
^ith donor splenocytes compared to WT recipients (Fig. 4). It 
does not appear that Thl development in IL-12R31''" mice 
is a result of the interaction of endogenous IL-12 with the 
low-afiinity IL-12R/32, as treatment of these animals with 
''IL-12 did not augment in vivo priming of IFN-y-producing 
«*Ils (Figs. 3 and 4). 



. A second hypothesis tested in the current study was treat- 
ment of cardiac allograft recipients with IL-12 would accel- 
erate the rejection process as a result of exacerbated Thl- 
driven immune responses. Administration of exogenous 
rIL-12 significantly augmented in vivo sensitization of IFN- 
y-producing cells in WT cardiac allograft recipients, as evi- 
denced by increased sera IFN-y (Fig. 3) and enhanced pro- 
duction of IFN-y by splenocytes aft^r restimulation with 
donor alloantigens in vitro (Fig. 4). However, this fulminate 
Thl response in vivo did not result in anticipated accelera- 
tion of graft rejection when compared to untreated control 
recipients (Fig. 5). It is possible that induction of high sys- 
temic levels of IFN-y results in an inhibition of immune 
response as a result of IFN-ys anti-proliferative properties 
on effector cell development (,34). However, graft survival 
was not prolonged after rIL-12 treatment in the current 
study. This observation questions the overall importance of 
Thl responses in this experimental model, and suggests that 
the magnitude of Thl-driven alloimmune response may not 
correlate directly to the severity of graft rejection. Indeed, 
Th2-driven immune responses are emerging as potential ef- 
fector cells of rejection in both human and experimental 
transplantation (reviewed in 35). 

Finally, we examined the influence of rIL-12 administra- 
tion on allospecific B cell function. In an experimental system 
in which PVG.RTl" congenic rats were immunized with an 
isolated alloantigen. Gracie et al. {36) reported that treat- 
ment with murine rIL-12 (1.0 ^g/day for 5 days) after allo- 
immunization augments levels of allospecific IgG2b and 
lgG2c, while decreasing IgGl. The authors demonstrated 
that co-administration of neutralizing anti-lFN-y mAb abro- 
gated this response, indicating that the enhancement of B 
cell function by IL-12 was dependent on IFN-y. When ad- 
justed for body weight, this dose of rIL-12 in the rat is 
comparable to our 0.1->ig dose in the mouse. In the current 
study, treatment of WT cardiac allograft recipients with 0.1 
;ig of rILrl2/day for 6 days increased the level of sera IgG2a 
compared to untreated recipients on day 7 and 8 aft«r trans- 
plantation (Table 3). However, administration of 1.0 fig of 
rIL-12/day reduced allospecific B cell function, indicated by a 
decrease in sera IgM (Table 2) and absence of isotype switch 
to IgG2a. These observations suggest a biphasic response to 
IL-12 treatment in WT mouse cardiac allograft recipienU 
likely dependent on the concentration of IFN-y. 

In summary, this study illustrates that the j91 subunit of 
mouse ILrl2R is critical for IL-12-driven alloimmune re- 
sponses both in vitro and in vivo, and that ILrl2R02 alone 
does not transduce IL-12 signaling. These observations are 
supported by recent reporU, which have shown that humans 
deficient in IL-12Rpi exhibit severe impairment in their 
resistance to infections as a result of intracellular pathogens 
{37, 38). The generation of mice deficient in IL-12Rp2 will 
provide an important animal model to evaluate whether pi 
subunit of IL-12R alone conveys IL-12 responsiveness in 
vivo. Specifically, these mice would be useful in determining 
the mechanism by which p40 subunit of IL-12 enhances 
CD8+ Thl development (i5, 16). Finally, this study ques- 
tions the importance of Thl-driven alloimmune responses in 
cardiac allograft rejection, as exacerbated Thl responses in- 
duced by IL-12 failed to accelerate graft rejection in this 
model. 
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ABSTRACT 

Tlie mixed lymphocyte culture (MLC) is an established clinical 
method for bone marrow transplantation, as it serves as an in vitro 
model for allogenic reaction and transplantation. We previously showed 
that cytokine release into the supernatant is a more specific and sensi- 
tive parameter for cross-reactivity in the MLC than the tommon mea- 
surement of cell proliferation. Therefore we tried to find an irOiibitor of 
the MLC in vitro with the least side effects in vivo, measuring inter- 
feron (IFN)-Y as one of the most important cytokines in posttransplant 
medicine. Earlier studies showed that zinc is an important trace ele- 
ment for immune function with both stimulatory and inhibitory effects 
on immune ceils. We found that slightly elevated zinc concentratior\s 
(three to four times the physiological level), which do not decrease 
T-cell proliferation in vitro nor produce immunosuppressive effects in 
vivo, suppress alloreactivity in the mixed lymphocyte culture. In this 
report we analyzed the mechanism whereby zinc influences the MLC 
to possibly find a nontoxic way of immvmosuppression.: 

Index Entries: Mixed lymphocyte culture (MLC); mixed lym- 
phocyte reaction (MLR); trace elements; zinc. 

INTRODGCTION 

The mixed lymphocyte culture (MLC) is a well-established and Im- 
portant tool for determination of compatibility between host and donor 
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in transplantation medicine, as it serves as an in vitro model for allogenic 
reaction (12). It is common to measure T-cell proliferation in the MLC, but 
it was recently shown that cytokines are more specific and sensitive pa- 
rameters for the prediction of a possible graft rejection, as they play a criti- 
cal role in the posttransplant response (3-5h The THl-cytokine interferon-y 
(IFN-y) was identified as the most important factor within the cytokine 
cascade in the MLC (6). It is known to induce cytotoxic T-lymphoq^tes 
(CTL) (7) by enhancing the expression of both major histocompatibility 
complex (MHC) class I and MHC class U molecules (SJ. The IFN-y re- 
sponse mainly depends on HLA-DR differences and it tt^erefore well rep- 
resents reactivity between two individuals in the MLC (9), 

In transplantation medicine/ cyclosporin A, FK506, and other sub- 
stances are used to prevent graft rejection, In vitro experiments revealed 
an inhibition of the MLC (lOK but, unfortunately, all of these immuno- 
suppressants show a wide range of toxicities in vivo, such as nephro- 
toxicity, neurotoxicity, and, probably, carcinogenicity (13-13). As we are 
beginning to understand the molecular mechanisms of cyclosporin A and 
FK506 function better and better, one of the major aims is to find similar 
substances with less toxicity. 

Zinc within the physiological range (12-16 jiM) is an important trace 
element for immune function (U). Zinc deficiency in vivo could be linked 
to various clinical symptoms such as impaired immune response with re- 
gard to decrease in number, differentiation, and function of T-lymphocytes 
and natural killer (NK) cells as well as decreased activation of mono- 
cytes and phagocytosis by macrophages, resulting in a high incidence of 
bacterial, viral and fungal infections. These symptoms, in S\e most severe 
form shown in the hereditary disease acrodermatitis enteropathica caused 
by malabsorption of zinc, are completely reversible after adequate substi^ 
tution of 2anc (15), On the other hand, high concentrations of zinc (about 
eight times the physiological level) led to cytotoxic effects with impair- 
ment of all T-cell functions, and inhibition of monokine induction by 
superantigens such as zinc is also important for the binding of some bac- 
terial superantigens to the (J-chain of the MHC class n molecule (16,17), 
Optimal immune-cell function hence requires a well-balanced zinc level. 

In the following study, we investigated whether zinc is able to im- 
pair alloreactivity in the MLC at concentrations withi neitiier cytotoxic 
effects in vitro nor toxic side effects in vivo. 

MATERIALS AND METHODS 

Preparation of Lymphocyte Cultures 

Peripheral blood mononuclear cells (PBMC) were isolated from buffy 
coats of healthy donors by density centrifugation over FicoU-Hypaque 
(Biochrom, Berlin, Germany), washed twice with phosphate-buffered 
saline (PK, Gibco, Berlin, Gernuny) and resuspended in RPMM640 
medium (Biochrom) supplemented with 10% heat-inactivated fetal calf 
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serum (FCS, low endotoxin, myoclone quality; Life Technologies, Eggen- 
stein, Germany), 2 mM i-glutamine, 100 U/mL penicillin, and 100 Mg/mL 
streptomycin (all obtained from Biochrom, Berlin, Germany). The cells 
were adjusted to a final concentration of 2 x 10^ cells/mL. Equal volumes 
of cell suspensions of two donors were seeded in samples to a final vol- 
ume of 1 mL into pyrogen-free 24-well culture plates (Falcon, Heidelberg, 
Germany). For controls, 1 mL of the adjusted cell suspension was cultured 
separately. The cultures were Incubated for 5 d at 37*C in a 5% humidi- 
fied CQz atmosphere after addition of the appropriate amount of zinc. 

Zinc Preparations 

Zinc sulfate (Sigma, Deisenhofen, Germany) was dissolved in sterile 
water to achieve a zinc stock solution of 10 n\M. This solution was fur- 
ther diluted in unsupplemented protein-free medium (PPM, Ultradoma, 
BioWhittaker) at a ratio of 1 to 2 and then sterile filtered. To achieve the 
final concentrations, PFM was used. The zinc solution was added to 
the cultures in a volume of 10% of the final culture volume. 

Determination of Cytokines 

The culture supematants were harvested after 5 d and stored at -80'C. 
The quantification of the cytokine release into the supernatant was per- 
formed by enzyme-linked immunosorbent assay (EUSA) technique (for 
IFN-7 provided by Bender Med Systems, Vienna, Austria). Results were 
measured in picograms per milliliter at 450 nm using an ELISA plate 
reader (Anthos Labtec, Salzburg, Austria). 

Flow Cytometry 

Propidium iodide (PI) staining was performed by using a stock solu- 
tion of 1 mg/mL (PI, Sigma). Cells (1 x lO^/mL) were incubated with 
10 \lL of PI stock solution for 20-30 min to allow intercalation of PI in 
double-stranded DNA. Finally, PI staining was measured at a wavelength 
of 620 nm in a flow cytometer (Coulter, Krefeld, Germany). 

Statistical Analysis 

The results are expressed as median values. The significance is taken 
by Student's ^-test analysis. 

RESULTS 

Influence of Zinc on Mixed Lymphocyte Cultures 

We harvested tf\e supematants of zinc-supplemented mixed lympho- 
cyte cultures (MLC) on d 5, proven to be the maximum of the IFN-y secre- 
tion (18). Analyzing IFN-y release in 20 MLC experiments supplemented 
with different concentrations of zinc, we found expected amounts of IFN- 
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Fig. 1. IFN-Y secretion in the MLC after zinc supplementation. Zinc con- 
centrations up to 1 mM were added to mixed lymphocyte cultures; controls 
remained unsupplemented. Secretion of IFN-y in the culture supematants was 
determined by ELISA after 5 d of culture. Median values of n = 20 experiments 
are expressed in picograms per milliliter. Significance was calculated by the Stu- 
dent's ^-test Cp = 0.0017). 

Y (334 pg/mL) in the supernatant of control MLC without zinc addition, 
whereas increasing zinc concentrations led to a dose-dependent reduction 
of the IFN-7 level. At 60 pM, the IFN-y productior\ was significantly dimin- 
ished (48 pg/mU p = 0.0017); at 500 \xM, no IFN-7 was detectable (Fig. 1). 

In order to prove our hypothesis that this result— that zinc concen- 
trations of 60 \xM inhibit the MLC— was the result of a specific effect in 
the MLC and not to a loss of T-cell vitality, we added zinc concentrations 
of up to 5 mM to PBMC and measured cell viability by flow cytometry 
after an incubation time of 48 h. Figure 2 shows that 93.2% of the cells 
are still vital after addition of 50 ixM zinc and 92.3% with medium sup- 
plementation of 100 \iM zinc compared to controls without zinc addition 
with 91.3% viability. Zinc concentrations as high as 250 |iM causes a 
reduction of cell survival of 33% (Fig. 2). 

For further analysis of possible mechanisms responsible for this inhi- 
bition, we preincubated PBMC with 50 nM zinc for 20 min and then co- 
cultured these two populations in the MLC. The results reveal a marked 
influence of the point of time at which zinc is added to the culture: Prein- 
cubation of PBMC led to a greater reduction of IFN-y than simultaneous 
zinc supplementation to the MLC (Fig. 3). 

DiscassioN 

The human mixed lymphocyte culture (MLC) is an important method 
to test donor-recipient compatibilty in bone marrow transplantation. It 
could be shown that cytokine release, especially IFN-7, has a very good pre- 
dictive value with regard to the transplantation outcome (3h as cytokines 
play a major role in the generation of an alloreactive inunune response and 
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Fig. 2. Viability of PBMC after zinc supplementation. Zinc concentrations 
of up to 750 \xM were added to unstimulated PBMC; controls remained unsup- 
plemented. Cell viability was determined by flow cytometry after an incubation 
time of 48 h. One representative experiment is shown, values are expressed in 
percent of the total cell population. 
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Fig. 3. Effect of preincubation of PBMC with zinc. Zinc in a concentration 
of 50 jiM was added to the MLC simultaneously (MLC + Zn); PBMC was prein- 
cubated with 50 \iM zinc for 20 min and then cocultured in a MLC (PBMC + Zx\); 
controls remained unsupplemented. Medians of n = 10 experiments are pre- 
sented. Significance was calculated by the Student's Ntest (*p = 0.01). 

for the induction of graft rejection in vivo (4^). Taking tius in vitro model, 
it has always been the aim to inhibit proliferation of immune cells in order 
to find a way to prevent graft rejection in transplantation meciicine. Lan- 
dolfo et al. inhibited T-cell reactivity by the addition of anti-IFN-y both in 
vitro and in vivo (19); others showed a reduced graft rejection rate by 
repeated injections of monoclonal anti-IFN-y antibodies in a skin-, heart-, or 
pancreas-tissue transplantation situation (20-22). 
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In vivo substances like cyclosporin A or FK506 are broadly applied, 
as they are capable of prolonging graft survival. In vitrO; they show an 
inhibitory effect on T-cell proliferation in the MLC (lOh Yet, all of these 
therapeutical agents cause major side effects (e.g., nephrotoxicity, neuro- 
toxicity, and others), which lead to a limitation of their use 

Zinc is an essential trace element with great influence on immxme 
function. The physiological plasma level of zinc ranges from 12 tol6 ^lM. 
In our study, we applied zinc concentrations up to 100 |JiM, which can be 
reached by pharmacological application of zinc in vivo without causing 
side effects (23). 

We found that zinc concentrations of 60 ^lA^, four times the physio- 
logical level, inhibit alioreactivity in the MLC. It is imlikely that the reduc- 
tion of IFN-Y is the result of a loss of T<ell activity, as it could be shown 
earlier that T-cells are still able to proliferate in medium supplemented 
with zinc concentrations as high as 100 \iM (24). Furthermore, we ana- 
lyzed the viability of the PBMC by flow cytometry, showing that a con- 
centration of 250 is required to reduce cell viability by 33% (Fig. 2). 

Inaeased zinc levels of over ICQ \}M cause unstimulated human 
PBMC to release cytokines (25). This stimulatory effect of zinc is only seen 
in the presence of accessory cells, especially monocytes, as mostly IL-1 
proved to be an essential cosignal for T<ell activation by zinc. Higher con- 
centrations of zinc impair all T<ell and monocyte function by inhibition of 
the IL-1 receptor type I-assodated protein kinase (IRAK), thus blocking the 
intracellular signal transduction pathway at a very early stage (24). 

In our study, we applied zinc in concentrations that neither show 
cytotoxic effects nor reach stimulatory level Therefore, there seems to be 
a specific effect of zinc on the responding T-cells in the MLC. 

The results of earlier studies proposed an oligoclonal pattern of T-cell 
stimulation in the MLC similar to T-cell activation by superantigens (3), 
Furthermore, a highly altered Vp repertoire of T<ells infiltrating long-term 
rejected kidney allografts were discribed (26). Superantiger\s bind directly 
and partially with high affiruty to major histocompatibility complex (MHC)- 
class II proteins, especially to HLA-DR. T-Cell activation is achieved by 
the formation of a complex of the VP-chain of the T-cell receptor (TCR), 
the MHC molecule, and (he superantigen. This binding is regulated by 
zinc, as zinc itself does not interact with the MHC molecule directly (27). 
We previously showed that the HLA-DR and HLA-E>Q-molecules have 
the greatest influence on cytokine release in the MLC and thus on the out- 
come of a transplantation in vivo (9). 

There are two main possible explanations for the Iphenomenon de- 
scribed. First, zinc in the applied concentration could saturate the MHC 
and, therefore, prevent a binding between TCR and MHC. In order to 
prove this hypothesis, we preincubated PBMC with zinc and then cocul- 
tured these populations. If an extracellular mechanism were actually 
respoi\sible for the inhibition of the MLC, we would expect no sigruficant 
difference in IFN-y secretion in either setting. Preincubation of PBMC 
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resulted in a markedly lower IFN-y secretion than the cultiire of two PBMC 
populations with simultaneous zinc supplementation to the MLC (Fig. 3), 
so that it seems more likely that zinc interferes with the intracellular sig- 
nal transduction in the MLC. Therefore, zinc may regulate the alloreactiv- 
ity of T<ells and might be an explarlation for inaeased preterm delivery 
and abortion in zinc-deficient pregiwit women (28,29), As mentioned ear- 
lier, higher concentrations of zinc are able to block the intracellular signal 
transduction pathway by inhibition of IRAK. We propose that the stimu- 
lation of T-cells by an HLA-different cell population can be blocked by zinc 
via specific inhibition of phosphorylation processes, leading to a dimin- 
ished signal transduction in the cell. This results, amoitg other things, in 
reduced secretion of cytokines, which should lead to less graft rejection in 
vivo. Various protein kinases such as cAMP- and cGMP-dependent protein 
kinases as well as protein tyrosine kii\ases are involved in zinc-induced 
cell stimulation and zinc also influences gene expression of different im- 
munologically relevant transcription factors such as nuclear factor (NF)-kB 
and metallothionein transaiption factor (MTF-1) as v/ell as others. Which 
alteration of signal transduction zinc exactly inhibits the MLC remaii\s the 
subject of further investigahon. Because the MLC is inhibited by very low 
zinc concentratior\s, this iiJubitory effect seems to be a $pecific pathway. 

In conclusion, zinc could become an immunosuppressant in trans- 
plantation medicine without toxic side effects, which still leaves the 
immune system with the ability for phagocytosis. The irxfection rate will 
therefore be reduced compared to current immunosuppression. How- 
ever, this has yet to be proven in in vivo trai\splantation models. 
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ditTerem PTKs. Phosphorylation is a common mech- 
anism of regulating protem function; indeed, many of 
(he PTKs must themselves be phosphorylated before 
they can become active. Several important types of 
lymphocyte surface receptors (including membrane 
immunoglobulin and T cell receptor proteins) are 
physically linked to specific cytoplasmic PTK pro- 
teins, which become active when the receptor binds 
its targei ligand. These receptor-associated PTKs» in 
turn, may then activate other types of PTKs through 
phosphorylation, so that almost immediately a ho.st of 
different PTKs are recruited into the response. By 
phosphor\lating still other types of substrates, such 
as pmieins that control cytoskeletal organization, ex- 
pression of specific genes, and entry into the cell 
cycle, these newly activated PTKs appear to be cither 
directly or indirectly responsible for triggering all 
subsequent events in lymphocyte activation. At pres- 
ent, however, the functions of most individual PTKs 
are uncertain. 

One almost immediate effect of the PTK ca.scade is 
to activate the enzymatic breakdown of a specific 
class of pho.spholipids (called phosphaiidylinosi- 
tides) within the cell. The products of this hydrolysis 
include 2 small organic molecules, diacylglycerol 
(DAG) and inositol 1,4,5-trisphosphate (IP,), 
which are released into the cytoplasm and serve as 
second messengers to trigger additional changes in 
cellular physiology. Among the most notable 
changes is a rapid, marked increase in the concentra- 
tion of intracellular free calcium ions, which flood 
into the cytosol from organellar storage pools and 
from the extracellular medium, reaching maximal 
concentrations within 1 minute after contact with the 
activating stimulus. Like PTK activation, these rapid 
calcium fluxes are thought to be critical for initiating 
the subsequent events in activation. 

Within the first hour after stimulation, the rales of 
oxidative metabolism and of overall protein and 
RNA synthesis in the lymphocyte rise. The chromatin 
begins to decondense as previously silent genes are 
transcribed and the cell prepares to undergo mitosis. 
After 2-4 hours, specific proteins that are thought to 
regulate cell proliferation, such as the product of the 
proio-oncogene Q*myc, become detectable in the nu- 
cleus. In parallel with these biochemical events, the 
morphology of the cell changes in a process known as 
blast transformation: its overall diameter increases 
to 15-30 nm as both its nucleus and cytoplasmic en- 
large; the nuclear chromatin becomes loose and pale- 
staining; and the cell acquires a prominent nucleolus 
(reflecting a high rate of RNA synthesis). Within 8- 
12 hours, the changes are sufficiently marked that the 
cell can be recognized under the light micro.scope as 
a lymphoblast— a lymphocyte poised to begin mito- 
sis. DNA synthesis takes place at around 18-24 hours 
after stimulation. The first cell division occurs 2-4 
hours later and, depending on the conditions, can be 
repealed 5 or more times in succession, at inter\'als as 



brief as 6 hours. The effector cells produced as a re- 
sult of each division mature completely within a few 
days and express the immune functions typical of 
their lineage for several days thereafter. 



REQUIREMENTS FOR ACTIVATION 
OF B OR T LYMPHOCYTES 

What are the stimuli that can lead to lymphocyte 
activation in vivo? Certainly, the most important are 
the innumerable foreign antigens that are recognized 
and bound by membrane immunoglobulins or T cell 
receptor proteins. A few types of antigens are in 
themselves sufficient to activate B cells— these arc 
usually highly polymeric proteins or polysaccharides 
that are able to interact simultaneously with inany 
immunoglobulin proteins on the surface of a single 
cell. Such multivalent antigens act to cross-link the 
immunoglobulins to one another, so that eventually a 
great many immunoglobulins are gathered at one 
pole of the cell surface at the point of contact with 
antigen— a phenomenon known as capping (Fig 
2-9 A). This dense local aggregation of immunoglob- 
ulins, each of which is bound to antigen, transmits a 
very effective signal and is enough to trigger B cell 
activation. 

Activation can also be induced under artificial conT 
ditions by cross-linking other types of suri'ace mole- 
cules (Table 2-4). Among the agents used for this 
purpose are certain lectins (sometimes called mito- 
gens), which can activate T and/or B cells by cross- 
linking surface glycoproteins. Similar results can be 
obtained by using multivalenl antibody complexes to 
cross-link some T cell surface proteins (such as CD3) 
that are able to transmit signals to the cytoplasm. Al- 
ternatively, lymphocytes can be activated pharmaco- 
logically by being treated with agents that directly in- 
Table 2-4. Mitogens and other conditions used to activate 



lymphocytes in vitro. 



Mitogen or Condition 


Specificity 


Lectins 




Concanavatin A 


T ceils 


HeZ/vpomar/a lectin 


T cells 


Phytohemagglutinln 


T cells; few B cells 


Pokeweed mitogen 


T and B cells 


Wheat gemi agglutinin 


T cells 


Artificial cro88*llnklng of epeclfic 
surface proteins 




Immunogtobulins 


B cells 


T cell suTface markers (eg. C03) 


T cells 


Pharmacologic agents 




Phorbol myristyl acetate plus calcium 
ionophore (eg. ipnomycin) 


T and B celts 



of 
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duce calcium Huxcn and other iinportani signaling 
events, thereby bypassing the surface receptors en- 
tirely. Such potent anitkial aciiv.aors are often used 
in clinical testing to study lyn»ph*K:yte rcsp»»nseK m 

vitro. . 

The majority of antigens encountered in nature, 
however, arc not polymeric and m» do not cross link 
receptors. Even when many copicN of such an antigen 
bind individual immunoglobulins on a B cell, they 
generate only an incomplete signal, which fails tv» ac- 
tivate the cell. B cells can be acti\aied by those more 
common antigens nnly if they arc simultaneously 
stimulated by a nearby activated helper T lympho- 
cvie. This stimulation may he delivered by 
lymphokines secreted from the T cell, but is iransmu- 
ted most efficientl) through direct amiact of the B 
cell with T cell surface proteins In either case, the 
helper-cell-derived proteins (which uill be referred 
to in this book as helper fact<»rs» interact with non- 
immunoglobulin receptors on the B cell to generate a 
second signal. The combined effects of the helper 
factors and the bound antigen then act synergisiically 
to cause B cell activation. 

In a similar manner, T lymphiKyie responses to 
most antigens also require 2 types of stimuli siniulta- 
neously. The first is provided by the antigen, which, 
if appropriately displayed by MUC proteins on an an- 
tigen-presenting cell, can be recognized and bound 
by T cell receptors. When it binds an aniigen-MHC 
complex, the T cell receptor sends a signal to the cell 
interior, but this signal alone is usually not enough to 



cause uctixation For helper T cells, full activation 
also requires Cuntaet with oilier specific ligands, 
known as costimulators, that arc expressed on the 
suri^acc ol the aniigen-prcscniing cell. Activation of a 
cytotoxic T cell, on the other hand, generally requires 
IL-2. a c>tokine secreted by activated helper T cells. 

In summary, ii is imponanl to recognize that acti- 
vation of J lymphocyte is controlled not only by anti- 
gen bindim: but als^i by interactions with other cells 
(Fig 2-9Bi'. all T cells must cooperate with antigen- 
presenting' cells, whereas B cells and cytotoxic T 
cells depend on helper T lymphocytes. These interac- 
tions either require direct surface-to-surface contact 
or arc mediated by highl\ labile cytokines that act 
only over extremely short distances. Owing to this in- 
.tcrdcpendence among cell types, lymphocyte activa- 
tion (Kcurs most commonh and efficiently in the sec- 
ondary Umphoid organs, where lymphocytes, 
antigens, and amigen-preseming cells encounter one 
another at close quarters 



LYMPHOID ORGANS 

Lymph* nrvtes are normally present in the blood ai 
a concentration of approximately 2500 cells/mm' and 
so account for roughly one-third of all peripheral 
while blotxl cells. Each individual lymphocyte, how- 
ever, spends mixl of its life within solid lissues. en- 
tering the ciaulation only periodically to migrate 
from one resting place to another. Indeed, at any 
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Figure 13-8. T.me-response curve for antigen stimuia- 
tic^i ol 10*^- lymphocytes. Responses of peripheral blood 
lymphocWes from 15 nDrmal adulis with delayed hyper 
sensitivity to the antigen. Cells were cultured as de- 
scribed in the legend to Fig 13-7. Antigen concentration 
for all cultures was 1 5 H!3/nnL. Maximal response occurred 
on days 5-7 of culture. Results a-e plotted as the mean ± 
1 SO. for 15 individual determinations. 



until the culture has been allowed to continue lor 5-1 
days. Fig 13-8 clcarlv illustrates both the usciulncss 
of and the necessity lor performing careful time- and 
dose-response kinetics in assessing human lympho- 
cvtc function. 



MIXED LYMPHOCYTE CULTURE 
& CELL-MEDIATED LYMPHOLYSIS 

Mixed lymphocyte culture (MLC) is a special case 
of antigen stimula'tion in which T lymphocytes re- 
spond to foreign histocompatibility antigen on unre- 
lated lymphocytes or monocytes. This test is per- 
formed as either a "one-way" or *'2-way" assay (Fig 
I ^-9) In the one-wav MLC. the stimulating cells are 
treated with either irradiation t- 2(XX) R) or mitomy- 
cin to prevent DN A synthesis without killing the cell. 
The magnitude of the response is then entirely the re- 
sult of DNA synthesis in the nonirradiated or non-mi- 
iomycin-trcated cells. In the 2-way MLC, cells from 
both individuals are mutually stimulating and re- 
sponding. DNA synthesis represents the net response 
of both sets of cells, and the individual contributions 
cannot be discerned. The culture conditions, time ol 
exposure. 'H-Tdr pulse labeling, and harvesting pro- 
cedures arc usualh identical to those for antigen Mimu- 
lation. Controls include ctKuliure of .syngeneic irradi- 
ated and nonirradiated pairs and coculture oi 
allogeneic irradiated pairs. The first control provides 
baseline DNA svnihesis. and the second ensures ade- 



' \ '* I'Hl-TdR 

j "^jF? tl2i*L* ^ .. — Cell incorporating 



CML Amy 



^'"=' 3 hour t_ -c^r^r ^ Culture medium 
- ^.^ .^ containing *'Cf 



;• "A" fe.p0nd.n9 »lli • "Bm" stimulat.ng cell, t "'J** 
(effector) ((eni.t»2.ng) < Cr-labetedl 

Figure 13-9. MLC .I'-cl CMl. ns^says sciiernatica'iy reo'e- 
sc- tPd Cc'is (b:ac»< .r-d v.mt- o£:=st Ucn-, seprrato -nd - 
v.cUals are cultured, in MLC. DNA syrtliesis in 
re-^ponding Inonmacuvatcd) cell is measured. In CML 
as:^.;iv. the ability ot "A- ceils u: ^ 'Cr-labeied "B" eel's is 
measured See the t-^M for lurthef ewpiaaation | 'Hl-TdR 
tr.).ated thymidine. (Reproduced witn p-ermission. Ironi 
Bt^ PH Van Rood JJ: T^C: n-.aior ^-.isiocompatibinty conv 
pl.::x. Genetics and biology. N Engl J Me:l 1976.295:606. 
872). ' 



quale inaciivalion by irradiation U>r milomycin) of 
the stimulator cells. • _ 

hi the use of MLC as a test for T cell function, dil- 
Ikulties in quanlilation often arise owing to varialiims 
in .■stimulator cell antigens that dciermine the degree 
t)f genetic disparity between stimulator and responder 
celts To overcome this dit ilcult) and produce a more 
standardized test, frozen aliquois of viable pooled 
human allogeneic cells have been employed as stim- 
ulator cells. ; 

The stimulating antigens on human cells are class I 
MHC molecules encoded by the HLA-D locus (see 
Chapter 5 ). licsponding cells are primarily T lympho- 
cvies with obligate macrophage ctK)(>erdlion. B cells 
can also respond in MLC. since a marked increase in 
immunoglobulin synthesis can be detected. MLC 
may be used as a histocompatibility assay (see Chap- 
ter 16) and as a test for immumKompetencc of T 
cells, particularly in immunodeficiency disorders 
(see Chapters 20 and 21). 

Cell-mediated lympholysis (CML) is an extension 
of the MLC technique in which cytolo.xic effector 
tells generated during MLC are detected (Fig 13-9). 
This test involves an initial one-way MLC culture 
followed bv exposure of stimulated cells 10 • *Cr- 
labeled target cells sptvifically lysed by sensiti/ed 
killer K mphixvics' These target cells are HLA-iden- 
tical to the siimulator cells in MLC Cytotoxicity is 
measured as the percentage of "'Cr relca.sed in spe- 
eific target cells c(\mpared with the percentage ot 
''Cr released from control t nonspecific) target cells. 
Several lines t)f evidence indicate thai cells which 
proliferate in MLC and killer cells which participate 
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■ cMl assay arc not identical. Killer cells are gener- 
!'tcd thill have specidcity for class I MHC antigens on 
Lriiei cells, whereas in'class II MHC antigen differ- 
ences determine the reaction. CML assays provide an 
addiiioiial measure of T cell function and can be used 
10 estimate prcsensitizaiion and hisiocompaiibiliiy in 
clinical iransplaniatioh (sec also Chapter U>». 



CLINICAL APPLICATION 
OF T & B CELL ASSAYS 

Counting t>f T and B cells in peripheral blood and 
tissue specimens h;is limited application in both the 
diagnosis and investigation of pathophysiologic 
mechanisms of many di.sease slates. Functional as- 
says are even more limited in value primarily to stud- 
ies of immune deficiency disea.scs. Current applica- 
tions include the following. 

(1) Diagnosis and classitlcalion of immunodeti- 
ciencv diseases (see Chapters 1 8-22 and 52). 

(2) Detennination of origin of malignant lympho- 
cytes in lymphocytic leukemia and lymphoma (see 
Chap*'^''*^'**)- 

(3) Fvaiuatiori of immunocompcience and mecha- 
nisms of tissue damage in autoimmune disease, eg. 
systemic lupus erythematosus and rheumatoid arthri- 
tis (see Chapter 31 ). 

(4) Detection of changes in cellular immune com- 
petence in HIV and other infections that may be of 
prognostic value (sec Chapter 52). 

(5) Monitoring of cellular changes following organ 
transplantation (see Chapter 57). 

NATURAL KILLER (NK) CELLS 

Natural killer (NK) cells can be enumerated by .spe- 
cific monoclonal antibodies using methods identical 
to those for T and B cells (see Chapter 17). Several 
monoclonal antibodies are available that detect cither 
Fc receptors (CD 1 6) or specific differentiation anti- 
gens (CD56. CD57) present on these cells. Some NK 
cells also express antigens from the CD2 T cell fam- 
ily. Functional testing is done by measuring the abil- 
ity of these nonimmune cells to kill special target cells 
such as erythroleukemia cell line K562. Cytotoxicity 
is usually performed by using the ■ 'Cr release assay, 
similarly to cell-mediated lympholysis (Fig 13-9). 



MONOCYTE-MACROPHAGE ASSAYS 



The morphologic identification of normal periph- 
eral blood monocytes in stained peripheral blood 



films ordinarily is quite simple Monocytes are larger 
than granulocytes and most lymphocytes. They typi- 
cally have round or kidney-shaped nuclei with fine, 
lightly stained granules. However, in suspensii)n or 
even in tissue or blood specimens, additional markers 
may be required to differentiate monocytes from lym- 
phocytes and primitive myeloid cells. 

A reliable slain for monocytes is stxalled nonspe- 
cific esterase, or (X-naphlhol esterase, which is pres- 
ent in monocytes but absent in most myeloid and 
lymphocytic cells; Monoclonal antibodies directed ai 
specific differentiation antigens such as CD 1 4 are 
available. , 

Functional attributes of monocytes are discussed in 
detail in Chapter I. In the clinical laboratory, phago- 
cyto.sis of particles or antibody-coated heat-killcd mi- 
croorganisms is useful for functional identificatit>n of 
monocytes. 



NEUTROPHIL FUNCTION 



Polymorphonuclear neutrophils (PMN) iu-e bone 
marrow-derived leukocyies with a finite life span, 
which play a central role in defen.se of the host 
against infection. For many types of Infections, the 
neutrophil plays the primary role as an effector or 
killer cell. However, in the blotxlstream and extravas- 
cular spaces, neutrophils e.xert their antimicrobial ef- 
fects through a complex interaction with antibody, 
complement, and chcmoiactic factors. Thus, in as- 
sessing neutrophil function, one cannot view the cell 
as an independent entity; its es.sential dependence on 
other immune processes, both cellular and humoral, 
must be taken into account. 

Defects in neutrophil function can be classified as 
quantitative or qualitative. In quantitative disorders, 
the total nuinbcr of nomially functioning neutrophils 
is reduced below a critical level, allowing infection to 
ensue. Drug-induced and idiopathic neutropenia (see 
Chapter 33), with absolute circulating granulocyte 
counts of less than 1000/|iL, arc examples of this sort 
of defect. In these situations, granulocytes are func- 
tionally normal but are present in insufficient num- 
bers to maintain an adequate defense against infec- 
tion. In qualitative neutrophilic di.sorders. the total 
number of circulating PMN is either normal or some- 
times actually elevated, but the cells fail to exert their 
normal microbicidal functions. Chronic granuloma- 
tous disease is ah example of this type of disorder 
(see Chapter 22). In patients w ith chronic granuloma- 
tous disease the normal or increased numbers of cir- 
culating neutrophils are unable to kill certain types of 
intracellular organisms. 

Phagocytosis by PMN can be divided into 5 dis- 
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CELLULAR ASSAYS 

FOR HISTOCOMPATIBILITY 

In vivo, recognition of nonself antigens and de- 
struction of cells bearing such markers is accom- 
plished by cells of the immune system. Some of the 
clinically relevant class II HLA antigens that can trig- 
ger the immune response are not readily detected by 
the serologic methods discussed ab(»ve. Instead, lym- 
phocytes are used as discriminatory reagents for the 
HLA-Dw and -DP antigens and as indicators of 
histoincompatibility between donor and recipient. 
The functions of cellular recognition are utilized in 
the MLC. HTC and primed lymphocyte typing 
(PLT) tests, and the dual functions of recognition and 
effector cell killing are used in the CML test. 

MLC Test (See Chapter 1 3) 

This is also known as the mixed- lymphocyte reac- 
tion (MLR). When the lymphocytes of 2 HLA -dispa- 
rate individuals are combined in tissue culture, the 
cells enlarge, synthesize DNA, and proliferate, 
whereas HLA-identical cells remain quiescent. The 
proliferation is driven primarily by differences in the 
class 11 HLA antigens between the 2 test cells. 

On the basis of MLC testing, class 11 antigens were 
originally described as a series of lymphocyte- acti- 
vating determinants, products of the HLA-"D" Ukus 
(-Dwl, -Dw2, etc). No D locus products have ever 
been isolated, however, although several distinct *'D 
region" loci <-DR, -DQ, and -DP) and their alleles 
have been identified. Dw **antigens" are now consid- 
ered to be immunogenic epitopes formed by combi- 
nations of D region determinants that can t>e recog- 
nized by T cells. Distinct Dw types may represent 
unique haplotype combinations of various D region 
products. 

Reactivity in MLC probably reflects the initial im- 
mune recognition step of graft rejection in vivo. The 
more immunogenic the D locus difference, the 
greater the cellular response in MLC and the more 
likely the rejection of the graft. Normally, both cells 
will proliferate, forming the 2-way MLC. To monitor 
the response of a single responder cell (the one-way 
MLC), the partner cell (stimulator) is inactivated by 
radiation or drugs (such as mitomycin C) that inhibit 
DNA synthesis (Fig 16-4). A maximum proliferative 
response usually occurs after incubation at 37 °C for 
5-6 days. The culture is then pulsed with [-'HJthymid- 
ine for 5-12 hours to label the newly synthesized 
DNA. Finally, the cells are harvested, washed free of 
unbound radioactivity, and counted in a beta counter. 

A properly composed MLC test includes a check- 
erboard of one-way combinations of each cell serving 
as both stimulator and responder with all other cells. 
Each cell must be controlled for its ability to both 
stimulate and respond to HLA-mismatched cells. 
Normally, 2-4 unrelated control cells of known class 
H HLA type are tested individually with each family 
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Figure 16-4. 7t»e MLC afio OWL te:;ts In w^i one-.vay 
MLC. ^GSpondfrr PBLn are -lirxro l 1 .v;tf- irraO ateo s'inn- 
ulaior cells ana incubated ai'A? C in a humid fied ai-no- 
spl'cre with b^o CO;..: After b Uayi;. tl e culture \s pulied 
wivi (-"Hjinymdine ((**H]TdRj "o label tho.nudijic aciiJ in 
:Me responder ceils After 18 Injurs. ';elis ar« fia'^vefled 
^iro counted *or internai:2ed ' 3dioac*'Vtty If iiie class II 
rll.A antigens, of the stimulatcr cells differ from those* of 
v»c responde^' ceils, the respcnder ceHs undergo tlaito- 
gor esis. synthesize DNA. and pioliforate. inceased s.jti- 
pie radioactivity signa's 'ec«:.gnitiGr of clat-s II* HlA 
dif'o^ences When 'esponder ana stimulator ce'is are 
class II (oenticai. the proliferative resoonses are less than 
?0-*-: 0* the n^avi'Tium respon* to thH mismat:hec con- 
t'ols and less than 2\ over autologous {t>ackground) 
controls (Reproduced, with p'^rmissiDn. fron Bach fh. 
Van Rood JJ: The rr-ajor hist'>::mpat bilily comple*:: Ge- 
reii:s and biology. N Engl J Me,d 1976:295:806. 672.) 



member. The niuximum response of each cell is ob- 
tained by exposure to a p<n)l of irradiated stimulator 
cells of diverse HLA types. 

Autologous controls combining self with irradi- 
ated sell' are al.su run to nonnutize the response of 
each cell to stimulators. Hach test should be run in 
triplicate. It is ab.solutely necessary to perform the en- 
tire familial MLC at one time owing to the inherent 
variability ol' individual cellular responses from day 
to day. 

Results are expressed as a stimulation index (SI) or 
relative response (RR), The SI is the ratio ot counts 
per minute of the test over the autologous test for that 
cell: 



SI = com of ^®5P**."**®'' Stimulator (Irradiated > 
Responder vs Responder (Irradiated) 



A value oi SI < 2 i.s interpreted as HLA identity at 
HLA-D. The RR calculates the rcspon.se in the exper- 
i mental MLC relative to the ma.ximuni response of 
that cell elicited by the pool. C\mnts per minute of 
both are corrected by subtraction of the autologous 
c<introl i\>r the responder cell. 
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MLC testing can be useful in selecting the most 
compatible (least stimulatory) organ donor if several 
nonidentical family members (matched for zero or 
one haploiypc* are available. The donor who is the 
least stimulator)' to the patient is the preferred organ 
donor. The results of an intrafamilial MLC can ad- 
dress such questions as ( I ) Are 2 serologically identi- 
cal DR antigens also functionally identical? (2) Is the 
individual with only one identifiable DR antigen a 
homozygoie. or is the DR "blank" really a second DR 
antigen that was missed in the serologic lesling? (3) 
Are the serologically assigned class 11 antigens con- 
sistent with the MLC results? If apparently HLA- 
idcntical individuals arc reactive, there may have 
been a genetic recombination event. 

The MLC test is frequently used to confinn appar- 
ent HLA identity in the living-related transplant situ- 
ation and is especially useful if haploiyping could not 
be accomplished. When the HLA-ideniical recipient 
and donor are unrelated, as in voluntary bone marrow 
donation. MLC testing is extremely important in re- 
vealing hidden class II incompatibilities thai could 
affect recipient tolerance to the graft and promote 
graft-versus-host disease. 

HTCTest 

MLC nonrcactivity indicates HLA-Dw identity, 
and therefore the MLC lest can be used to type for 
specific Dw alleles. Since most individuals to be 
tested are heterozygous at the D region, it follows 
that the .stimulator cell mu.st be homozygous for a 
given Dw antigen to result in MLC nonresponsive- 
ness. Such HTCs have been identified in the random 
population^ but the best source for HTCs is among the 
progeny of first-cousin marriages. True HTCs are 
rare and precious reagents, and few laboratories can 
afford to maintain the large cell panel necessary for 
complete and accurate testing. 

The lymphocytes to be Dw typed are set up as re- 
spondcrs in multiple MLC tests, each test with a dif- 
ferent inactivated stimulator HTC. HTC testing can 
discriminate among the various subtypes of .serologi- 
cally identified DR antigens and thus can provide a 
finer definition of true class II HLA compatibility. 

PLTTest 

Lymphocytes already exposed (primed) to a spe- 
cific antigen in a primary MLC will proliferate rap- 
idly on reexposure to the same antigen. Thus, a 
primed cell can he used to test an unknown cell for 
the presence of the original stimulating antigen. With 
cells primed to class II HLA antigens, this assay can 
he used as an HLA typing test for D region antigens. 
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As in HTC typing, an extensive panel of specifically 
primed cells must be maintained for PLT testing. 
PLT was used to type for DP antigens, but this 
method has been supplanted by molecular typing 
methods and is now only rarely used. 

CMLTest 

In primary MLC. exposure to nonself cla.ss I and 
class MHC II antigens can result in the generation of 
cytotoxic T lymphocytes (CTL). CTL kill their tar- 
gets through direct contact, probably by the release of 
toxic mediators that lead to cell lysis. CD4 and CD8 
CTL can be found infiltrating kidney allografts dur- 
ing rejection and arc considered to be important ef- 
fector cells in graft loss (see Chapter 57). To lest for 
the capacity to generate CTL. a primary MLC is run 
with the patient as the re.sponder and prospective 
donor cells as inactivated stimulators. After the 
MLC, the patient's cells are harvested and then 
reexpo.sed in culture to fresh donor target cells that 
have been loaded with '''Cr (Fig 16-4). Usually, the 
targets are preincubated with the mitogen phytohe- 
magglutinin (PHA) for 6 days, since PHA-activated 
blast cells can incorporate more ^'Cr than resting 
lymphocytes can. CTL and targets are plated in effec- 
tor: target -cell ratios of 1 ()0: 1 , 50: 1 , and 10: 1 . Control 
wells include targets alone to measure the spontane- 
ous release of label and lest wells containing target 
cells that are treated with detergent to release the 
maximum incorporated label. The test requires 4 
hours of incubation in a humidified CO, atmosphere 
at 37 X. At the conclusion, the supernatant of each 
lest well is sampled and counted. In the experimental 
wells, the amount of ^'Cr released is corrected for the 
background level of .spontaneously released label and 
compared with the maximum amount of label re- 
lea.scd: 

cpm (Experimental) - 
% Specific ^ com (Spontaneous) ^ 
Release cpm (Maximum) - 
cpm (Spontaneous) 

Elevated counts of 30-50^ above spontaneous back- 
ground are indicative of CTL activity. 

Direct CML testing can be used to monitor post- 
transplant rejection by testing for the presence of ac- 
tivated circulating anti-donor CTL. The patient's 
PBL are placed directly in culture with ^'Cr-labeled 
donor cells as targets. An elevated donor cell lysis 
compared with pretransplant levels is considered evi- 
dence of circulating CTL, which are particularly 
prevalent during rejection. 

CML testing has applications in living-related 
renal and bone miairow transplantation. The preferred 
kidney donor will be the one who fails to stimulate 
ihe recipient to fc^rm CTL, In bone marrow transplan- 
tation, the recipient is at risk for immune attack by the 



Table 20-1. Evaluation ot cell-mediated immunity 



Test 


Comment 


Total lymphocyte count 


Normal at any age: 
>1200VL. 


Delayed hypersensitivity skin 
test 


Used to evaluate specific im- 
munity to antigens. Sug- 
gested antigens are 
Candida, mumps, purified 
protein derivative, and strep- 
tokinase-streptodomase 
(4 units/0.1 mL). 


Lymphocyte response to mi- 
togens (PHA). antigens, 
and allogeneic cells 
(mixed-lymphocyte culture) 


Used to evaluate T cell func- 
tion. Results are expressed 
as stimulated counts divided 
by resting counts (stirnulaled 
index). 


Total T cells using monoclo- 
nal antibodies toCD3. 
CD2,orCD4 plus CDS 


1 icoH tn nuAntitate the num- 
ber of circulating T cells. Nor- 
mal: >60% of total 
lymphocytes. 


Monoclonal antibody to T 
cells and T cell subsets 
(CD4andCD8) 


Determines total number of 
T cells as well as T cell sub- 
sets, eg. helper/suppressor. 


Cytokine production (IL-1, IL- 
2, lymphotoxin, tumor ne- 
crosis factor, etc) 


Used to detect specific cytok- 
ine production from subsets 
of mononuclear cells as ian 
index of function. 


Helper/suppressor T cell func- 
tion 


Provides information on T 
cell regulation of immunity. 



Clinical Features 

A. Symptoms & Signs: The most frequent pre- 
senting sign in patients with DiGeorge\s syndrome 
occurs in the first 24 hours of life with hypocalcemia 
that is resistant to standard therapy. Various types of 
congenital heart disease have t)cen described, includ- 
ing interrupted aortic arch, septal defects, patent duc- 
tus aneriosus, and iruncus arteriosus. Renal abnor- 
malities may also be present. Some patients have the 
characteristic facial appearance described above. Pa- 
tients who survive the immediate neonatal period 
may then develop recurrent or chronic infection with 
various viral, bacterial, fungal, or protozoal organ- 
isms. Pneumonia, chronic infection of the mucous 
membranes with Candida, diarrhea, and failure to 
thrive may be present. 

Spontaneous improvement of T cell immunity oc- 
casionally occurs. These patients are considered to 
have "partial" DiGeorge's syndrome, but the reason 
for the spontaneous improvement in T cell immunity 
is not known. Patients have also been suspected of 
having DiCeorge^s syndrome on the basis of 
hypocalcemia and congenital heart disease with or 
without the abnormal facies but have been found to 
have normal T cell immunity. Subsequently, these 
patients may develop .severe T cell deficiency. 

B. Laboratory Findings: Evaluation of T cell 
immunity can be performed immediately after birth 
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Figure 20-1. Inla-it .vitl' O.Georgc r> syndron^e Promi- 
nent are low-set ana '^.at'or-ned ears, hypertelorism, and 
lish-shaped mouth. Also note the surgical scar ftom car- 
diac surgery. 



in a patient suspected i>r having DiOeorge's syn- 
drome. The lymphocyte count is usually low 
(<I200/mL) bui'may be norniai or elevated. In the ab- 
sence of stress durini! the newhi>m period, a lateral- 
view x-ray of the anterior mediastinum may reveal 
absence of the thymic shadow, indicating failure of 
iu)rmal development. Delayed hypersensitivitv skin 
tests to recall antigens are of little vahie during early 
infancy, because sufficient time has not elapsed for 
sensitization to occur. T cells are markedly dimin- 
ished in number, and the peripheral bloini lympho- 
cytes fail to respond to phytoheniagglutinin (PHA) 
and allogeneic cells. 

Studies of aniibiHly-mediated immunity in early 
infancv arc not helpfuL because immunoglobulins 
consist primarily of passively transferred maternal 
IgG. Although it is believed that some of these pa- 
tients have a normal ability to pn>duce specific anti- 
body, the majority have .some impaimient of antibody 
foriTiaiion. Sequential studies of both T cell and B 
cell immunity are necessary, since spontaneous re- 
mi.ssiims and spontaneous deterioration of immunity 
with time have been described. 

A diagnosis of hypoparathyroidism is established 
by the demonstration of low serum calcium levels, el- 
evated serum phosphonis levels, and an ab.sence of 
parathvroid hormone. Congenital heart di.scase may 
be diagnosed immediately following birth and may 
be mild or severe. Other ctmgenital abnonnalities in- 
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Tepoxalim a daal Mipoxygenase and cyclooxygen- 
ase Inhibitor with nonflteroidal antiin£lammat«ry e^ 
fects, has recently been ehown to suppms NFkB 
transactivation and inhlbU T oeR ppolitoation Via a 
mochanifim vary different from cycloaponne (CsA). In 
tins report^ we demonstrate <hat this nov^ inanuno- 
suppressive effect of tepoxalin is manifested in m vivo 
trwisplantatLbn models* Tepoxtflin suppressed murine 
spleen cell proliferation in a mixed IJ^P***^^,"^. 
tion <MLE) with an IC^ of fjM. Coadministration of 
tepoxalin arid CsA in MLR cultures showed an addl- 
tiVe inhibitory effect. Oral adnunifltration of tepoxalin 
at 12 mgAcg/day to mice suppressed l?<^,«f^-^^^ 
host (CTH) ^ponses by about 40% (n=10). Combina- 
tion of tepoxalin and CsA at suboptimaVdoses syner- 
rixed their immmiosuppreBsive effects on uvti 
responses (n=20)- In sJdn transplantetion. the median 
^^J^ivSl time of aUogencic BALB/cByJ mouse 
skin grafted onto C3H«eJ (H-2»^ mice was 10^ days 
(n«8)T^d was prolonfied to 15.0 days (n«9) for recip- 
ient liice administered tepoxalin at 50 mg&g/day. Go- 
administration of suboptimal doses of tepoxalin (1^ 
mgOcg/day) and CsA (50 mgftg/day) prolong^ skin 
Si^rde^ dramatically <66% of the grafts sur- 
SvTd for mor« than 40 days, n=9). Taken together 
these results demonstrate that tepoxahn is a potent 
immunomodulatory compound that, when combmed 
with CsA, provides synergistic immunosuppr^sive ac- 
tivity. The fact that tepoxalin and CsA act on different 
traiicrlption factora, NFicB and NFAT respectav^, 
xni^t eiqdain the synergistic suppressive effects 
when both compounds wei^ used. Tepoxahn could be 
an important addition to the cohort of unmunosup- 
prossive therapies currently used hi sohd organ and 
bone nmrrow transplantations. 

The inmiune response in transpiantatioii, which results in 
graft rqectLon and graft-versus-hoBt (GVH)* response, is pn- 
marily triggered by T celle through recognition of alloanti- 
gens Suppression of immune response could be 

achieved using agents interfering with T cell activation and 
effector functions. The use of cyclosporine (CsA) as an mmiu- 
nosuppressant in transplantation has been documented (5, 
6) CsA inhibits T cell activation by inhibiting the nuclear 
translocation of the nuclear factor NFAT (7, 81 However, 
CsA has associated toxicities and side effects when used at 



» AddreflB corrcflpotiderce to Dr. Wai-Ping Fung-l/Bung, The R.W. 
Johnson Pharmaoeutical Kesearch InsUtute, 3535 General Atomjca 
Court. Suite 100, San Diego, California 92121. 

•AbbreviBtionB: CaA. Qrdosporine; CO, cydooxygenaae; GVH. 
graft-versuB-host; L0» 5-lipajygenase; Mlit, mixed lymphocyte re- 
action. 



therapeutic doses Compounds that suppress T cell-nie- 
diated immime response with mechanisms different from- 
that of CsA will imdoubtedly be valuable additions to the 
cohort of the current regiments. 

Tepoxalin (5-I4-chlorophonyll-N-hydrox>r-l4rmethoxyphe- 
nylVN-methyH-H-pyraaole-3-propanamide) was discovered ; 
originally as a dual inhibitor of 5-lipoxygBnase CLO) and 
cydooxygenase (CQ) and exhibits potent nonsteroidal antiin* . 
flammatory activities in animal models of adjuvant wihritia ' 

Recently we found that tepoxalin also inhibits 
OKTS-induced T cell proliferation via a mechanism very dif- 
ferent from that of CaA (131 CsA is known lo blodt 
production after activation of T cells throuj^i TCR/CD3, • 
whereas tepoxalin inhibits E^2 induced signal transduction . . 
(23). An in-depth investigation of the mechanism of action ; 
reveals that tepoxalin inhibits predominantly NFkB activa- 
tion (14% whereas C&A is most effective in blocking NFAT 
transactivataon (7, S). Becaufse of these diCftMnt mechanism, 
of actions, a possible additive/synergistic effect of the com- 
bined t^xahn and CsA treatment is expected. In this re- . 
port, we demonstmU that tepoxalin is indeed effective m..; 
suppressing mixed lymphocyte reactions (MLR). GVH re* ^ 
spouses, and allogeneic skin graft rejections in mice. The , 
synergistic effect of tepoxalin and CsA in immunosuppres- 
sion was also studied. Tht possible mechanism of tepoxalin m^. ; 
immunosuppression and its potential clinical apjdication arc r 

discussed. 

MATERIALS AND METHODS 

Mice hibred C57BL/6a. C3H/HeJ. and BALB/cByJ mice Mul 
BfiD2Fi/J mice were obtained from the Jnckram Uboratoxy (Bar / 
Harbor, ME). Thoae uaed in experimanta wer« mahj nuce at about 
6-10 weeks of age that woighod 18-26 gs. , ^ ♦ 

Przparatum of text compounds. Tepoxalin. naproxen, and ™wt^ 
wex« eynthesised by the R.W. Johnaon Pharmaceutical Eeseard) . 
Institute (Raritan. KJ). CsA (Sandimmune i.v.) was from.Sando* 
(Quebec. Canada). For MLR eiperiments. stock solutionfi of tepow-*. 
Un. naproxen, and nileuton were prepared in DMSO at 30 mM and 
dUutod to working ooncentrationB in culture medium altiie time 01 
experiments. DMSO at concontrations o<iuivalcnt to those of the tert. 
compounds were used as controls in MLR assays. For experiments ^ 
GVH responses and skin graft rejecticns. micramzad tepoxahn ano 
naproxen were suspended in 0.6% methylceUulose (Sigma. SL Loutf. 
MO) at concontrations of 6 mg^ml or lower. The vehide control w^. 
the equivalent volume of 0.5% methylcelluloae. Zdleuton was dJSj. 
Bolved in 50% poiyetiiylene glycol 200 (Sigma, SL LouiH. MO), and; 
the corresponding vehicle control was the equivalent vohunc of po)y^ 
ethylene glycol 200. CsA wee diluted in saline. All compounds wer^. 
dissolved in vehicle just prior to administration to mice at volumes 01. 
0.01 ml p^ gram body weight. 
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^hoate pnMfemtion ottays. Single^ell wBpenaioM from 
fiS. were washed once with PBB and then «8u.pended « 
l&edium supplemented with 5% 

were Stated hy 2JBX10» inradiated t2000 

Sor MlU we« cocohotwl in 250 ^1 medium eontalitog 
leSncentralioneof the tested coinpounds in the 9fr^ ptates 

^elU. Coming Inc. NY). Aft« 5 day» «f 
l^Ze was nddcd to the eukuree W£ pOi per wull) fcr4 hr. 
P^tarvested using . T.nnlec Harvester 96, MACH D 
lilnc. OrranRe. CD and samples werecounted ^smgo Wallac 
SLriite sdntiUation counter (Pharmacia. Uppsala, Sweden). 
^^ylZ Cenviahmtywasass^^edwith^eMTT^ 
i ^ bL C57BL/6J mice were prepared Rmi 16«J~- 
E„pplen.*nted with 5» fetal bovine ae«m ""^^ je?,*?;^ 
SiL Spleen cells (SXlCAvell) were stnnulated wrth amno- . 
I i^^DS (Phamungen) in the prtaence of t^«^ "^t^? 
bDMSO in 96-wdl culture plates (Coi»ing Ino^Nn TheMTT 
■"sB conducted by using the CelWter 96 Wt 
.1, based en the conversion of a tetramUum salt by wnble cdls 
fcdBtectaWe blue forioBsan. ,^ j tw» 

nZ^-hott reactions. The QVH assay was based_^Mi tiio 
f.^^^.nX.r(i«>. Spleen cells m« 
rtetactodltLit«>eo«sly into fh« footpads of BfiMPj/J mice. 
|;£Sd wrTroecUd with 8X 10« n^leen cells in 50 A 8ev«. 

the dnLng popUteal lymph nodea were removed, 
S£atandweigbed.Mieeii«octedinthefeotp^ 
^ »> nesative cenlrols. I^ph nodes of these mace w« 
SahaWe Irom those injected with symfencie splcent «^ 
ISTwaa administcwl orally and CaA was given subcutam^ 
^!torolce daily sUrted one day before fcotpad injeetmn tioless 

^I^^rSSianttrfioB. C3H/HeJ mice 01-2^ w<w anealhe- 
" '^SapST^im. of 2.5% avertin (0.016 mVg body 
A BT^Une bed (about 0.3 c«x J cm) on the mouse tafl was 
sUi bJ^S off skin carefully to woid Wading. TaJ dun 
^^^I«ded fhnnBALB/cByJ mice (H-S^) and then plaeod 
graft site in an oppmrite orientation aa»rdlng * h«ir 
«. di^ctlon. The grafted skia was protected by « ptesti c tubn>g 
iaeter 0.5 cm, length 8 cm) held in place by woai^ dips for 5 
iiSkin grafts were e>tajnteed and scored daUy. A 

» when raore than 80» of the graft WM w««hc CaA 

jeubeutaneously to mice dally starting one day before skm 
lantaUon until wjecUon of grafts. Te^oxaUn was ipven or^ 
, before transplantation and then daily storting one day after 
lantation until graft r^jec.tion. 
w pr^ntation and Data were ««« 

I EKmnetlfs tests. A parametric version wee uaed xf data w«e 
^g^b^" ^ *^ Wilk-Shapiro test Data 

i did not meet the assumptions of normally were tasted using 
fttrie version of the Dunnett'a test 



HKSULTS 

ibitionofMLR pnliferotions by tepoxalin. We recenOy 
fed that tepoxalin suppressea T cd! P«^««<^»^ «»J 
ISWtfi the activity of the transcription fector NFitB (W. 14). 
m activation and proliferation are critical for the imt*a- 
5l«f w> antigen specific immune response. The transcnp- 
«n factor NFicB is also known to be involved in regulating 
llttpression of many taiget genes in an immune response 
" '^■17) The possible iinmunofluppressive effect of tep«wato 
'i therefore srtudied. To determine whether tepoxahn « 
able of inhibiting the immune response agaiiut aUoanla- 
ups; tepoxalin at various concentrations was tested m VBUR 
iJiiferBtion assays. The ossay was set up by stiini»lating 



ithe I 



j^«(pven< 



relay 1 



C67BL/6J (H-Z'O mouae spleen cells- with imdiat^ 
B6D2F,/J (H-2^*) mouse spleen caUs, As shown m Figure I, 
tepoxalin inhibited cell prolifsration in a dose^ependent 
fashion with an IC50 of 1.3 *iM. The inhibitory effect was not 
related to call toxicity. Tepoxalin at concentra^na of 25 mM 
or less did not affect the viability of anti^S stimulated 
nwuse spleen cells after 24 hr of treatment (Table I). Since 
tepoxalin is a dual (DO/LO iiAibitor (10). the possible liak^ 
its suppressioa of MLR proliferation to its inhibitioo of CO 
and/or LO was studied. To address this question,, the weU- 
known CO inhibitor naproxen and the LO inhibitor zQeuton 
v^ere tested in parallel at doses lO-fbld higher Oian theurlOeo 
for suppression of CO or LO in mice, reapectively. Neithar <tf 
these compounds, nor the combination of both of them, had 
an hihlbitory effect on MLR prolifisration (Fig. W. 

To furtlMsr understand the mechanism of action of tepoxa- 
lin the kinetics of tepoxalin in inhibiting MLR proliferation 
wa^ compared to that of the known immunoauppressant. 
CsA. As shown in Table 2, the inhibitory effect was not 
SSnished when tepmcalin was added 24-72 hr after the 
iaitialioD of MLR. In contrast. CsA was efiEective only if It was 

added at the beginning of the eocultnres. To ^ete™^ 
whether tepoxalin and CsA Were synergistic in mhitabng 
MLR proliferation, the two agents were Uated m «>nibina- 
SoT Tepoxalin at 0.5 ,iM. 1 ^iM. or 2 was tested in 
combination with varying concentrations of CsA (Fig. 2). C&A 
almie inhfbitod the response to a dose-related manner wi^i 
an ICn of 22 nM. Tepoxalin alone inhibited proUferatJOT by 
0.6>[, by 66^mM. and by 87% at 2 pM. When 
tepoxalin and CaA we« present at '"'^'^^^'''^ 
tions. the inhibition was clearly additive, llus addttive effect 
was less significant at concentrations of the two drugs that 
were strongly inhUfttory on their own. 

Sujvr^'^ ofGVH responses by tepoxaUiu The ^^'>' 
suppressive effect of tepmtaUn as demonstrated m MLR as- 




Naproxen 
Zileutin 



0.1 0.2 



0.5 1 2 6 
Concentradon {jiUi 



10 20 



FlOUKE 1. Inhibition of MLB prolifemtiow by tepwahn. Spl»«n edU 
frMT. C57BI/6.I mice were eocultnred b> triplicate well« w,th .rrad.- 
S spleen cells from B6D2y.tf mice as described in Mate"»^ 
Mtthods. Varying concentrationB of tepaaalia. »apro«n, tileuton. or 
WSSl +3to« war, added to the cuUuro. at the «ut«Uon of 
cultorea. »K.thymidine uptake was measured on day 6. CM 
wltu«E cMitoincd DMSO diluted in a maimer simflai to thatof ttie 
^pounds. Uptake of »H.thymidine in vehide controls was about 
90,m cpm. Percentages of «iontrol respooaes are calculated as per- 
ceitages of (q>m of treated culUires/cpm of vehide controls). 
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Table 1. The effective dosee tof tepoxalin in immunosuppfression is 
not toidc to cells" 



100 
50 
25 

6,25 
3.12 
L66 



Ceil viabflit/ 



52.0% 
76.4% 
96.6% 
103.0% 
IIB.5% 
118.4% 
136.5% 



ViaWnty ttf anti-CD3 stimulated C57BU6J spleea c©Ub treated 
with tepoxaJin for 24 hr was tested in the MTTvialrility aaeay, 

* Cell viability is preeonted ae the percontace of viable cells in 
tepaxaHn treated sample compared with that treated with an equiv- 
alent amuunt of the vehicle, DMSO, 

Table Z Inhibitory eCfeot of tepoxalin and CaA on MLR prolifera- 
tions <% .control reaponaer 



Cuscentralum 
(/iM) 



Time of TreaUuent 



0 hr *Mta 48 hr 



72 hr 



TepoQcalin 
Cydnsponnc 



1.26 

Z5 

6.0 

0.021 

0.042 

0.064 



64i) 52.0 
12.7 

4J 6,2 
40,6 6£.0 
16,6 99X 

6.7 64,1 



G7.0 
19,2 
7.8 
97.1 
93,2 
64.4 



30.6 
16,1 
8,0 
133.6 
148.0 
119,2 



« Piffcrent ootkccntratiQns of compounds added in MLR cultcreii at 
differenl time poinU were stodied. MLR assays were set up as 
described in Maieriah and Methods, The MLR proliferations treatwl 
with oouipoundB were compared with their vehide controls, **H- 
thymidine uptake hf proliferatiiip cella in MLR aesaye w«» mea- 
sured. PercentagoB of control respcmaes are caiculftted as parcont- 
a^ oficpm of treated cultures/epnt of vehide controls]. 



says Huggests its potential use as an imnxunosuppressant in 
clinical therapy. This possible application was verified with 
in vivo murine models of Uansplantation. A local GVH re- 
sponse was performed by ixaediag spleen cells from the pa- 
rental C67Biy6J mice into the footpads of B6D2F1/J 
mice. GVH responiBes were demonfltrated by the «j- 
largement of the draining popliteal lymph nodes in reripient 
mice. The lymph nodes of recipient mice increased signifi- 
cantly by day 2 and continued to increase in 8i2e with time. 
The degree of the local GVH response was measured by 
weighing the draining popliteal lymph nodes. The lymph 
nodes of tepoxaHn-treated mice did enlarge nn day 2 but did 
not change significant^ Uter on. After 7 days of the local 
GVH response, lymph nodes from tepoxalin-treated mice 
were slightly hyperplastic, but were significantly less so than 
that of the untreated controls (Fig, SA). GVH responses in 
mice administered tepoxalin orally at 12-50 mg/kg/day wore 
reduced by about 40% of that in the positive control group, 
ConsiBtent witii the findings in mice, tepoxalin was also 
effective m rats, with a 30% suppression of this local GVH 
response at 12 mg/kg/day (data not shown). T^e immunosup- 
pressive agent CsA administered subcutaneously to mice at 
50 and 75 mg/kg/day was shown to suppress GVH response 
by 42% and 71%, respectively {Pig. 3B). Ite results suggest 
that the immunosuppressive effect of tepoxalin at L2 mg/kg/' 
day is comparable to that of OsA at 60 mg/kg^day. To assess 
whether the inhihatoiy effect of tepoxalin on GVH responses 



. Medium 

Tepoxann- 
(O^nM)' ■ 




10 



20 so 100 200 
CsA Concentration (nM) 



600 \JOO0 



FlGURS 2. Additive inhibitory effects of tepoxalin and CaA in MLR:, 
proliferaUona. Proliferatian of C57B1/6J mouse spleen cells after $; 
days stimulation with irradiated BGD2Fj^ spleen ceils in medium: 
containing tepoxalin at 0.5 ^M. 1 /iM, and 2 mM pins varying -con- : 
centrations of CaA was BSAayad as described in MaUrialB qi)4 Mzth-- 
vdu. The proHiEatativo response in cultoreB containing no drugs was': 
80,0(X} q)in. * 



could be obUined with other CO or LO inhibitors, naproxen 
aiid aileulun wwre again tested in GVH assay?. No ihhibitio^.i,?^ 
was seen with dleuton, naproxen, or a combination of ^e two. Jr 
compounds (Fig. 30). 

Since tepoxalin appears to act late in MLR ajfsays, tbe ,,;-^ 
effect of tepoxalin odmimstcred early and late in GVH r^!^ 
sponscs WBS also studied. Similar to the findings in MLE.-,?^ 
proliferationfi, tepoxalin given to mice for a minimum of ti'^^ 
days was sufficient to suppress GVH responses to an extent 
similar tn those troatod. with tepoxalin througjiout the 7-diy^ 
course of the GVH response (Fig. 4}. This short treatment 
with tepoxalm could be at the early (day - 1 to day 1 or 4) at 
the late (day 4 to day 6) stage of the GVH response, llttj 
inhibitory effect of tepoxalin at the late stage- of immuae" 
responses suggests its mechanism of action to be different 
from that of CaA. Thc.possiblc synergism in immxmosuppres^ 
sion by tepoxalin and CsA was therefore studied in GVH;^ 
assays. A much stronger suppression of the GVH responsejk 
was indeed found in mice treated with both tepoxalin and;' 
CsA rather than those treated with either one of the tw?o:^ 
drugs (Fig, 5), This synergistic effect was particularly signif- . 
icant when a low dose of tepoxalin (6 mg/kg/day) was cnzn-;: 
bined with CsA, 4= 
Prolongation of skin aUogrdft survival by tepoxalin. "nje; 
time course of skin allograft rejection in mice is affect^ b^^; 
the efficiency of tiie following two mechanisms: (l).the acti-; 
vation of T cells through recc>gnition of specific alloantigotf|:^^ 
and (2) the effector mechanisms mediating tissue distruction^,;: 
To study the effect of tepoxalin on skin allograft survivri,^ 
experimental allograft rejection was performed hry grafting; 
allogeneic BALB/cByJ (H*2^) mouse tail-skin onto CSH/He^^^ 
Qi'Z^) recipient mice. For the first 6 days after transplanted^ 
tion, allografts appeared normal and their gross appcaran^;^- 
was not dififercnt fi^m that of fjyngeneic grafts. The rejecti^vK; 
process became apparent by day 6, with signs of swelling aj>% 
erythema, and quickly culminated into complete graft necr^ 
sis. Different doses of tepoxalin were tested in skin gra^i 
rqectSon assays. As sho^vn in Figure 6. r^ection of aliograw; 
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Control 



VeMda 



dsyitoi aav-1to4 day^toe 
Tepo)iannZ5in0fKo 



FKKnuE 4. Effective suppression of mouBe GVH rB«ponse ^ abort 
treatments with tepcxalin. The GVH reaponae wa? mduced by 
tion of C57BU6J «pleen cells into the foatpada orB6DZF,W n»ke and 
was tncasurtid by weighing the dmimng lymph nodes ^ deeaibed in 
MattnalB and Mtihods. Mieo ii^ected with wiUne instead of apietai 
cfilk weroufi^ asnegati^ contndE- Tepoxali« (25 mg(^) wae»^ 
xninirtered oraJly to mice at difforenl Ume schedulee ae 
^nsBs in nZo treated with vehicle (OJB% rn^iO^&^LoO^) were 
uaed as posiUve conUolfi. Kive mice were wed per grw^ lltt column 
bars represent the standard exrorR. 



i>zs*uion 

3. Suppression of GVH lespoaoee by tepoKaliii. A local GVH 
^Simonse was triggered bfy subcoUncoas ijyection or parental 
spleen cells into fooM>ads of B6D2F,/J mice, andwas 
^aauped by waghing the draining lyo^ph nodes as describi^ in 

onrf Methods, Mice injected with sahne ^'f* 
"'^tivocontroU.Drug3 weregWen toinicefroin dny ^-Ito d^ Sof 
SgVH wrponse. M GVH responses in mice adininutered d,fl«x. 
^^Ttepoxalin or vehidc cbntrdl <0.5% methylcollulo^ 
aly. Ten mice were used per group. The values from »ice 
SitepoxaUn at 12, 25, and 50 xng/kg^duy are significantly different 
' .ih^HctecontnaBmup(I>unnotfstest).Sh^^^ 

I from mote than three repeated e3q»ernnenta. (B) GVH r*: 
^ in mice given <:«A (60 and 75 mgflcg) or vehido cc^ 
ine) subctttaneously. Five mice were used per gi^ap. {Q) uvn 
«nsea in mice given naproxen, sileuUm. or the comhinaUon of the 
•anigB at 60 meWday orally. Mice as ^'^^^^/Y 
(Droxcn were treated with equhralenl volumes of 0.6% mcthylcd- 
iDsifor xileuton, they were treated with 50% Polyethjiene ^^^^^^ 
and for the combinaUon of drugs, th^ were treated with both 
lt% methylcdlulose and 60% polyethylene glycol 200 Frre mice 
' ' used pw group. The column bai« represent the standard errors. 

indicate a P value of <0.05. 

|k the placebo-treated gmup started on day 7. About 5095. of 
i aHografte iD the placebo group vrore rejected on day 30. 

xalin at doses of 12.5 and 25 rog/kg/day did not have a 
Tuficant effect in prolonging graft rejection. When t^oxa- 
u^^t 60 mg/kg/day was administered to naice. a significant 
i^longation of akin grail rejection was observed. The me- 
pkn survival time of skin grafts, defined aa the tame point at 
bich 50% of the-graftfi ore rejected, was 10.5 days m the 




oxelin and CaA. Th* GVH response was "^uwd iirfectwn of 
C57Biy6J Bpleen cells mto the Ibotpads of B6D2F,/J irice and «as 
meaaured by i.ai«hmg the draining br«ph r»d« -« « 
Materials and Methods. Mice we« t«atod wrii CsA (60 in»*g3 or 
topotalin (6 or 12 mgrttB) alone, or the 

12 rngfltg) CbA (50 mg&g). Mice ii^ected vafh 8ple«. cells and 
treatoi with vehicles were used as positive controls. Ifice B»ected 
with saline instead of spleen cefls were used as negative controla. 
IVenty mice were used per gnmp. The column bars represent the 
ZTrd emm,. Asterisk, indicate a P valne of <0.05. Snmtar le- 
Bulta were obtained Iroin i^>eated expenmenta. 

placebo-treated group and was 15.0 days ^« f 
Idee treated with tepoxalin at 60 mgflig/day (P<0 05). Fnr- 
thennore. a combinaUon of tepoxalin and CaA at low doses 
showed a dramatic prolongation of allogeneic skin graft re- 
jection (Fig. 7). About 52% of the mice treated daily with 
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vehlde 

Tepoxaftn (12-6 mg/kg) 

Tepoxalin (25 mg/kg) 

Tepaxa&i (50 mg/Kg) 



on day 24 after drug cessation (Pig. 71. The results suggest 
that the o^xnbinBtion of tepoxalin and CsA potentLates the 
immunosuppresaive effect, but does not induce ixrununotd- 
erance to the grafts. 



J, ■ i\ 



4 e 12 
Days after grafting 



16 



FjouRS 6. Prolongation of fito graft '^^^ 
cBy J «nou»e tJXi v^ss grafted onto the tdl of CSH/HeJ mice and 
reiectian of the grafted akin scored aB des^ 
Methods Different doses of tcpoxaHn ware administered oreHy te 
Caa^eJ redpient mice the day before and after «)dn transplento- 
tion. and then daUy uata skin grafts were r(uect<id. Mice givwi 

vehide (0.6% xnethyicenulose) ortOly were used as 

tei) mi^ were used per gponp. Data presented twe ta^ 

of the three repeated erpermumts. Rasuita obuined frum lOI three 

experiments wci* similar. Prolongation of "Jf^^^ ««f 

tr^^ted^ tepoxalin 60 in»rt.g was significant CP<D.05. DunneUs 

/testX 



C»A(SOm0*a) 

— * TepQxaSn(12.5ino/kg} 

Tepotafin (t2^ mgncg) 

^CsA(50mg«S) 




Deysatergrefttng 

FK51ME 7. Enhanced pwlongation of allogewSc skin gwfirBjection 
• by tepoxalin and CsA. BALB&ByJ moaae tail bWd was rrfted mitfl 
the tall of C3H«eJ mice as described in Matertois attd Methods. 
Tepoxalin (12.6 ing*«) C»A <«> mp*?) t^'™ 

(12 6 me&g) plus CeA («• f^Sf^^ adnanistered to piWift* 
nice the day beftn* and after akin taaasplaatatiem and U«ai daly 
onto Am grafla were t^ect«i. Tepoxalin wa. gir«> «f ^sA 
was given aubcutaneonaly. For recipient nnce wtk slon grafts enr- 
. ^ving former* than 40 daya, drug adminisUaUoa waa diseontuwed 
from day 40. ee shown by arrowa. About ten mice were ua^per 
BiwBi. BiAanced prolongatifln of akin rejection was a>'«o*f«7f* 
SewmbinaUon of tepoxalin (26 mgAifi) and CaA (50 «st« not 
abovml 



tepoxalin (12.5 mgAsg/day) and CsA (60 ing^day) retained 
the allogeneic skin grafte on day 40 after transplantation. To 
detennine whether immunotolerance to skin grafts is gener- 
ated by the combined drug treatment, drug dosmg was dis- 
continued after day 40 of transplantation. Skin graft rejec- 
tion was noticeable on day 16 and all the grafts were regected 



DISCUSSION 

In this report, we demonstrate that tepoxalin is effective in 
euppressing the immune reaponseB in murine models of GVH 
reaction and allogeneic akin graft rejection. This inmiunosup. 
pressive activity is not seen with other inhibitors of CO or 

study the mechanism of imnitmoBuppression by tepoxa- 
lin, we uaed the in pUro mixed lymphocyte reaction, which 
measures the proliferative response of parental strain 
C67BL«J spleen ceUs when stimulated by B6D2Fi/J spleen ^ 
cells, Tepoxalin inhibited the alloantigen-driven proliferative 
response in a dose-related maniner with an ICgo of 1,3 fM 
and a complete inhibition at 5 ;iM, A mmilnr inhibition was , : 
Bceh with CsA, vrtiich had an TC«, of approximately 22 nM 
and a complete inhibition at about 200 nM. However, there 
were differences in the kinetica of the inhibitionB seen with- ^ 
the two compounds. Tepoxsiin exerted the somo degree of.^-- 
inhibition if added any time up to 72 hr after the set-up of - 
MLR cultures, CsA.was only inhikntory if added at the iniU^ 
ation of the MLR cultures. IL-2 production by T cells ocotts - 
early following activation, reaching peak levels by 24 hr of 
culture (15, 19X CaA has been fcoown for its inhibitory effect 
an ILr2 production (7, 2D, 21) and is therefore expected to 
affect T ceUs during the first a4 hr of activation. The fact that 
tepoxalin inhibits proliferation late in MLR asBays suggests 
its inhibition of later evente in T cell activation. One posai-. 
bility is that the IL-2-mediated signal transduction pathway 
is affected by tepoxalin. which has been shown on human 
lymphocytes in' our previous report (13). 

GVH disease is a conmxon problem in bone marrow tranfi- 
plantation that leads te frequent morbidity and. mortaUfy 
(22). Skin grafte trigger strong immune responses and how. 

been one of the mofit dif&cult grafts in transplantetion {3\. 
-Hie immunosuppressive activity of tepoxalin was demon-.:,- 
Btrated in murine models of GVH responses and allogen^- ' . 
skin graft i^ection?. TepoxaUn was found to inhibit GVH 
responses at 12 ang/kg/day and to prolong skin graft r^et-,.^ 
tions at 50 mgAcg/day. The possibility tiiat tepoxalin blocks a 
later event in immune response is again implicated t>y^:*:y 
suppreasion of GVH reaction even when it was administered u 
to mice 4 days after the initiation of the respanse. . ^, 

Tepoxalin is known te be a dual CO and LO inhibitor with ;|| 
potent antiinflammatory effecte (JO). One of tiie obvio^^;^.J 
questionB to ask is whether ite immunosuppression is due to 
the inhibition of the CO or LO ensymce. The involvement t^;^ 
CO and LO in the modulation of immune responses remwns . /^^ 
controvorsial Arachidonic acid metebolites produced by-r.^S? 
these enzymes, such aa prostaglandins and leukotriene^' 
have many biological activities, including the modulation.P^ 
inflammation and immune response (25-^). Indeed several, 
inhibitors of LO have been shown to prolong graft rejection m^^ 
transplantation {30-S3). However, it was noticed that those^^ 
LO inhibitors with immunosupprBssion activity are also ^v^C 
tent antioxidante with itihibitory eCTects on NFkB- activityj^ 
{34, 35). Therefore the immunoregulatory effects of thes^:^ • 
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Lpounds may not be directly related to inhibition of LO, 
m MDPared the effect of tcpoxalin with other knowa LO/CO 
^bJtorTin onr Biudiee. Naproxen (CO inhibitor) or zileuton 
^.inhibitor), or their combination, did not have any effect 
lioA proliferations or GVH responaos. We have report^ 
ntly that tepojcalin is distinct from other CO and LO 
wibitore in its inhibition of NFkB activities il4). NFkB ia a 
^twpic transactivator of many target genos involved in 
^une or inflaminatoTy rcsponees {16. 17). The immuno- 
^preadve eflfect of tepoxalin may be attributed to its inhi. 
^ of NF*cB and not related to the general inhibition of 
^ichidonic add metabolism. 

li^aken together, these data show that tepoxalin is an effec- 
l^immnnosuppressive agent. Since the mechanism of tep- 
^ ^ D appears to be different from CsA in immunosuppres- 
It suggests a possible combinational use of tbe two 
^Uunds in immunosuppressive therapy, Moreover, tep- 
" '"n is devoid of ulcerogenic actions in gastrointestmal 
ms that are the common side effects of other NSAID 
m a i 121 The IDoo of tepoxalin.in mice and rats was 
^ ■^s^ 400 mg/kg, which is over 10-fold higher than the 
g-ective doses used in in vim immunoauppression. Tepoxahn 
therefore be an important addition to the existing ma- 
linosuppressive therapeutic drugs to enhance the effica<7 
^tesatment and to reduce drug toxicity in trauBplantefaon 
qd autoimmunity. 

i^ckncwiedgmenUt, W« tbunk Dr. John Booth, Anoa BahnwK, and 
84^7 ip^^ for their assistance in manuecript preparation, and 
ny Branco and John Docfcolero for. maintenance of tha animal 
loTity. 
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COMBINED THERAPY WITH INTERI^EUKm^ AN^ DOTEKLEUKXN. 

10 INHIBITS AUTOIMMUNE DIABETES RECtJRKENCE IN 
SYNGENEIC ISLET^TRANSPLANTED NONOBESE DIABETIC MICE : 

Anai-ysb OF Cytomnb mKNA Expression IN TOE 

ALEX RABINOVITCH.^'^-'^ W1I21A L. SUAREa-PlNZON,^ OUE SORKNSBN/ B, CHRIS BUSACKLBY,^ ; 

. ROBKKTF. POWEE,^ ANDKayV. RaJOTIsI 



Oepartmants cfMcdicUic, ImtmuioU^, Biochemistry, 
Diabetes Hcseareh and 

Syngeneic pancreatic islet grafts in nonobese dia- 
betic (NOD) mice elicit a ceU-mediated autoinamunc 
response that destroys the inraUn-produoing p cells in 
the islet graft, UM and IL-10 are cytokines that inhibit 
ceU-mediated itnniunUy. In thi» study, we evaluated 
thft effects of DLr4 and IL-10 on the survival of synge- 
neic pancreatic islets transplanted into diabetic NOD 
mice. Met grafts survived beyond 18 days and normo- 
glvccniia was maintained in 67% (10 of 15) of mice 
tr^ted with IL-4 plus HrlO, but in none (0 of 20) of 
vehicle-injected (tsontrol) mice. Also, 40% (6 of 16) of 
the mice treated with ILr4 plus ILrlO were normogly- 
cemic at 30 days afta- transplantation, compared with 
14% (1 of 7) of the mice treated with ILr4 alone, 8% (1 of 
13) of the mice treated with ILrlO alone, and none (0 of 
20) of the control mice Histological examination of 
grafts at 10 days after transplantation revealed perl- 
islet accumulations of mononuclear leukocytes and 
intact islet p ccUs in grafts from IL-4 plus ILrlO- 
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search Program grant from the Juvenile Diabetes Foundation Inter- 
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treated mice, whereas islets were infiltrated by Icukcn 
cytes and the P cell mass was greatly reduced in graft^/ 
from control mice. Polymerase chain reaction (PGR) 
analysis of cytokine mRNA expression in the grafts- 
revealed higher levels of IIi-2, IPNy, and Bb-lO mRNA'j 
in grafts of diabetic compared with normoj^ycenue*/ 
control mice, whereas WSy and TNFa mRNA levds v 
were eign^oantly decreased in grafts of IL-4 plus Ur ^! 
10-treated mice compared with either normo^yccmic.; 
or diabetic control mice. These results suggest that T; 
helper CIh)l cells and their cytokine products OHfV 
IFNy, and TNFa) may promote islet p ceE destructive 
insolitis and autoimmune diabetes reciirreaace in Byor 
geneic islet-transplanted NOD mice, and that admin- 
istration of plus DLrlO may inhibit diabetes recur- 
rence by suppressing Thl cytokine production in the: 
islet 



Insulin-dependent diabetes mellitua OBDM)* reeultB from 
destruction of the inaulin-produdng pancreatic islet p.ceBs* 
by the host's own immune system. Whereas it is not known 
what may initiate this autoinmiune response against islet P 
cells, there is abundant evidence that EDDM is T ceU-depe^- 
dent (i, 21 However, it is unclear which T cells are invoWed: 
and how they may lead to islet p cell destruction. A variety of: 
immune/inflammatory cells infiltrate the pancreatic islets, 
and constitute the insulitis lesion (3, 4). There is evidence in: 
human patients with IDDM (5-fi) and in animals with spon-; 
taneous l£>DM resembling the human disease— the nonobese 
diabetic (NOD) mouse and the biobreeding <BB) rat {9-^^, 
that islet 0 cell destruction may involve heterogeneous efifee-: 

♦ Abbreviations: BB. Biobreeding; CFA» complete Freund*8 
vant: IDDM, insulin-dependent diabetes Taellittts; NOD. npnobefi? - 
diabetic; PGR, polymerase chain reaction; Th, T helper. 
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Tautomycetin (TMC) was identified as an immunosuppressor of 
activated T cells. Inhibition of T cell proliferation with TMC was 
observed at concentrations 100-fold lower than those needed to 
achieve maximal inhibition with cyclosporin A (CsA). TMC specif- 
ically blocked tyrosine phosphorylation of intracellular signal me- 
diators downstream of Src tyrosine kinases in a T cell-specific 
manner, leading to apoptosis due to cleavage of Bcl-2, caspase-9, 
caspase-3, and poly(ADP-ribose) polymerase, but not caspase-1. In 
TMC-treated rats that received a heterotopic cardiac allograft, the 
graft survived more than 160 days, comparable to graft survival in 
allografted rats treated with CsA. Thus, TMC, whose mechanism of 
action is different from that of CsA or FK506, can be used as a 
potent T cell-specific immunosuppressor. 

Organ transplantation to replace diseased organs has become 
the Standard treatment in terminal organ failure, such as in 
renal, hepatic, or cardiac diseases (1). In most cases, induction of T 
cell-mediated immune responses to the highly polymorphic MHC 
molecules on nucleated cells in the grafted organ is the major 
barrier to successful transplantation (2). Improvement in graft 
survival is accomplished by precise HLA typing capability, greater 
surgical experience and skill, and the potential of cloned animals as 
organ donors. But genetic differences at loci other than MHC still 
trigger rejection. Therefore, continuous efforts to discover effective 
and specific immunosuppressive agents have been intense. 

The systematic study of products from bacteria and fungi has led 
to the development of immunosuppressive drugs such as cyclo- 
sporin A (CsA), FK506 (tacrolimus), and rapamycin (3). CsA and 
FK506 block T cell activation by preventing the induction of lL-2 
gene expression, whereas rapamycin blocks the signaling pathway 
triggered by IL-2 receptor (4). They exert their pharmacological 
effects by binding to the inmiunophUins, and the immunophilin and 
drug complex binds and inhibits the Ser/Thr phosphatase cal- 
cineurin, which is activated when intracellular calcium ion level rises 
on T cell activation (5, 6). Rapamycin has a different mode of action 
from either CsA or FK506. Like FK506, rapamycin binds to the 
FK506-binding protein family of immunophilins. However, the 
complex of rapamycin/immunophilin has no effect on calcineurin 
activity but instead blocks the signaling pathway triggered by the 
lL-2 receptor. These drugs are effective immunosuppressive agents, 
but they are not free of problems. Because calcineurins are found 
in many cells, these drugs are expected to be deleterious in many 
other tissues, such as kidney and liver (7). Therefore, it is important 
to develop new immunosuppressors with minimal toxicity that 
target molecules specifically involved in immune responses. It 
would also be helpful to have more than two different immuno- 
suppressive drugs with different pharmacological effects. 

In this study, we identified tautomycetin (TMC) as an activated 
T cell-specific immunosuppressor. Being different from CsA and 
FK506 in its mechanism of action, TMC inhibited the induction of 
tyrosine phosphorylation of T cell-specific signaling mediators in T 
cell receptor (TcR) proximal signal transduction pathway, leading 
to induction of apoptosis. In in vivo studies, TMC was at least as 
effective as CsA in the heterotopic cardiac transplant animal model. 

www.pnas.org/cgl/doi/10.1073/pnas.162522099 



Materials and Methods 

Cell Culture and Reagents. Human peripheral blood lymphocytes 
from healthy volunteers were isolated by standard Ficoll-Hypaque 
gradient centrifugation. The cell lines HeLa, Jurkat, and CD8-f 
Jurkat transfectant were cultured in standard medium containing 
FBS. Jurkat transfectants were regularly treated with medium 
containing 2.2 mg/ml of Geneticin (GIBCO/BRL). OKT3 and -8 
mAb were purified from supernatants secreted from OKT3 and 
-8 hybridomas (American Type Culture Collection) by Gamma 
Bind plus Sepharose from Pharmacia Biotech. The following 
antibodies were used: anti-p-Tyr (4G10; Upstate Biotechnology, 
Lake Placid, NY), anti-p-Tyr agarose conjugated beads (Upstate 
Biotechnology), anti-ICE (Upstate Biotechnology), anti-Fyn (Up- 
state Biotechnology), anti-phospho-ERK-l/-2 (New England Bio- 
labs), anti-Cpp32 (Transduction Laboratories, Lexington, KY), 
anti-Caspase-9 (PharMingen), anti-CD3^ (ID4; PharMingen), 
anti-CD28 (PharMingen), and anti-CD69 (FN50; PharMingen). 
Antibodies of anti-Bcl-2 (100), anti-Cbl (C-15), anti-LAT (Q-20), 
anti-poly(ADP-ribose) polymerase (PARP) (H-250), anti-PLC^l 
(530), anti-SLP-76 (K-20), anti-Vav (C-14), and anti-ZAP70 (LR)' 
were purchased from Santa Cruz Biotechnology. Phorbol 12- 
myristate 13-acetate and Concanavalin A (ConA) were obtained 
from Sigma. CsA was generously provided by Chong Kun Dang 
(Seoul, Korea), and tautomycin was purchased from WAKO 
Biochemicals (Osaka). 

Separation and Purification of TMC. Streptomyces sp. CK-4412, iso- 
lated from forest soil on Cheju Island, Korea, was cultured at 28°C 
for 65 h in Erienmeyer flasks containing a medium composed of 
soluble starch, 3%; soybean flour, 1.5%; corn steep liquor, 1.5%; 
polypeptone, 0.2%; Na2S203, 0.1%; CaCOa, 0.5%; and allophosite, 
1%. After centrifugation, the supernatant (6.9 liters) was extracted 
with EtOAc, and the extracts were evaporated in vacuo. The 
extracts were then applied to LH-20 and silica gel column devel- 
oped with the solvent, CHCbyi-hexaneiacetoneiAcOH (10:5:3:0.1). 
Active fraction called CKD-722 was collected and concentrated 
in vacuo to give a yellowish oily material, and further purifica- 
tion and identification were performed with HPLC by using an 
octadesyl silane (ODS) column, NMR, and electrospray ioniza- 
tion-MS analysis. 

Murine Mixed Lymphocyte Reaction (MLR) Assays and IL-2 ELISA. For 

murine MLR assays, the immunosuppressive activity of active 
fractions and TMC was assessed with mixed lymphocyte reactions, 
as previously described (8). For IL-2 ELISA, 1 X 10^ human 
primary T cells were activated by using 1 /xg/ml of 0KT3 and 0.5 
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jug/ml of anti-CD28 mAb for a given time in microwell plates. 
Supernatants were harvested, and 11^2 ELISA was performed 
according to the manufacturer's protocol. Briefly, 100 ptl of diluted 
capture Ab was coated in 96-microwell plates for 12 h at 4°C and 
blocked for 1 h at room temperature. Reaction was performed by 
using detection Ab and horseradish peroxidase-conjugated avidin. 
Wells were washed seven times, and tetramethyl-benzidine (TMB) 
substrate was added to each well. Fifty microliters of stop solution 
was added, and absorbance was measured at 450 nm within 30 min. 
For correction, the following equation was used: 

Corrected value of absorbance = absorbance at 570 nm - 
absorbance at 450 nm. 

Immunoprecipitation and Immunoblot Analysis. After incubation of 
3 X 10^ CDS-C transfectants, primary human T or B cells at 3TC 
for 5 min with crosslinked OKT8 mAb (1 iutg/l X 10^ cells), OKT3 
mAb (1 /xg/1 X 10^ cells) and anti-CD28 mAb (0.5 jLtg/1 X 10^ cells) 
or anti-BcR mAb (1 /xg/1 X 10^ cells), respectively, cells were 
solubilized in lysis buffer (10 mM Tris/50 mM NaCI/5 mM 
EDTA/50 mM NaF/30 mM sodium pyrophosphate/ 100 ^lM 
Na3VO4/200 /i,M PMSF/10 /ig/ml of Ieupeptin/5 /xg/ml of apro- 
tinin, 1% Nonidet P-40). Tyrosine-phosphorylated proteins were 
immunoprecipitated with 4G10 mAb coupled to agarose beads 
(Upstate Biotechnology), and immunoprecipitates or total cell 
lysates were fractionated by SDS/PAGE and transferred to 
Immunobilon-P (Millipore). Membrane was blocked in TTBS 
buffer [100 mM Tris-HCl (pH 7.5)/150 mM NaCl/0.1% Tween-20] 
with 4% BSA, then immunoblotted with the indicated antibodies. 
The membrane was washed and incubated with horseradish 
peroxidase-conjugated secondary antibodies, and developed with 
enhanced chemiluminescence (Amersham Pharmacia), 

Heterotopic Cardiac Allograft The microsurgical technique of heart 
transplantation in rat was done by double anastomosis. With ether 
anesthesia, the abdomen of the Lewis rat was opened and bled by 
cutting the abdominal aorta and its chest opened. After perfusion 
of heart through the ascending aorta with cold saline solution, the 
heart was removed from the mediastinum after the division of the 
trachea and placed in a beaker containing cold saline. The abdomen 
of the recipient Wistar rat was opened by midline incision. The 
Lewis heart was placed within the abdominal cavity, and end-to- 
side anastomosis was done by sewing the pulmonary artery and 
aorta to the inferior vena cava and abdominal aorta of the Wistar, 
respectively. Soon after perfusion, regular beating of the heart 
followed the ventricular fibrillation. The intestine was returned to 
the abdomen, and the abdominal wall was closed, 

Apoptosis Assays. Cell death was confirmed by detecting DNA 
fragmentation. Briefly, 5 X 10^ cells were lysed in X2 lysis buffer 
(200 mM Hepes, pH 7.5/2% Triton X-100/400 mM NaCI/20 mM 
EDTA) and incubated with RNase at 37''C for 1 h, DNA was 
extracted with phenol and precipitated with 5 M ammonium 
acetate and 2.5 volume of 100% ethanol and then analyzed by 
electrophoresis on 2% agarose gel. Also, for cell viability analysis, 
1 X 10^ cells were determined by staining with propidium iodide 
(PI) and analyzed on a FACScan (Becton Dickinson). 

Transient Transfection. Jurkat TAg cell lines were transiently trans- 
fected with 5 /ig of plasmid DNA by using Superfect transfection 
reagent (Qiagen, Hilden, Germany). Cells (3 X 10*^) were washed 
once with PBS and plated to a 60-mm dish. Plasmid DNA was 
incubated for 10 min at room temperature in serum-free medium 
containing Superfect. After the DNA-Superfect complexes were 
added dropwise to the cells in a 60-mm dish, the cells were 
incubated in fresh medium for 36 h. 

Results 

Identification of TMC as an Immunosuppressor. We isolated a large 
number of actinomycete strains from forest soil on the volcanic 
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Fig. 1. Structure of TMC 



Cheju Island in Korea. Appropriate dilutions of culture broth after 
centrifugation were included in mouse MLR to examine their 
inhibitory effects on T cell proliferation. The culture broth of 
Streptomyces sp. CK-4412 showing the strongest inhibition of T cell 
proliferation in MLR was prepared on a large scale and then 
applied to an LH-20 and silica gel chromatography column. The 
active fraction, called CKD-722, was collected and further purified 
by HPLC by using an ODS column. CKD-722 prepared in MeOH 
showed characteristic UV absorption at 268 nm, and the main 
absorption band in IR spectrum appeared at 1,825, 1,760, 1,730, and 
1,700 cm~^. From the analysis of electrospray ionization mass 
spectrometry {m/z 661, M + CH3OH 4- Na) and and ^-^C NMR, 
CKD-722 was identified as TMC (Fig. 1). TMC was originally found 
as a new antifungal antibiotic produced by Streptomyces griseochro- 
mogenes (8). 

Inhibition of T Cell Proliferation and Activation by TMC. The inhibi- 
tory effect of TMC on T cell proliferation was confirmed in the 
MLR between splenocytes of BALB/c and mitomycin C- treated 
splenocytes of C57BL/6 in the presence of serial dilutions of TMC 
or CsA, the most frequently used immunosuppressor. The level of 
inhibition of MLR by TMC was 100-fold higher than that by CsA, 
and the IC50 of TMC and CsA were 7.8 and 417 nM, respectively 
(Fig. 24). Similar levels of proliferation inhibition were observed in 
mouse splenocytes stimulated with the mitogen Con A (Fig, 2B). 
Also, similar kinetics of inhibition by TMC or CsA was observed in 
rat splenocytes. Induction of IL-2 gene expression, CD69, and 
IL-2Ra chain surface expression has been well documented as 
valuable markers for TcR-distal activation events (9). The potency 
of TMC in the IL-2 secretion assay in human primary T cells is 
similar to that of CsA in contrast to its more potent inhibitory 
activity than that of CsA in murine MLR and murine spleen cell 
proliferation in response to Con A. This result demonstrated that 
TMC possesses immunosuppressive activity to inhibit the prolifer- 
ation of T cells by inhibition of IL-2 secretion (Fig. 2C). In contrast 
to cells pretreated with CsA, the surface expression of CD69 or 
IL-2Ra chain was not induced in Jurkat T cells pretreated with 
TMC after TcR stimulation (data not shown). These results indi- 
cated that TMC has the capacity to inhibit the intracellular signaling 
pathway leading to T cell activation and proliferation, and its 
mechanism of action might be different from that of CsA 

TMC Inhibits T Cell-Specific Tyrosine Phosphorylation Induction in 
TcR-Proximal Signaling. The membrane-proximal signaling events 
initiated by the TcR complex are activation and recruitment of 
protein tyrosine kinases and subsequent phosphorylation of cellular 
proteins (10, 11). To identify the signaling event targeted by TMC 
in the TcR-mediated signaling pathway, inhibition of tyrosine 
phosphorylation of various intracellular substrates by TMC was 
examined in primary human T cells. TMC blocked the phosphor- 
ylation of tyrosine residues on several specific cellular proteins in T 
cells stimulated by immobilized 0KT3 mAb (Fig. 3/1). The inhibi- 
tion of tyrosine phosphorylation by TMC is dose- and time- 
dependent (data not shown), and induction of tyrosine phosphor- 
ylation was not influenced by CsA as expected. This result raises the 
possibility that TMC may block tyrosine phosphorylation of intra- 
cellular signal mediators like genistein or herbimycin (12). To rule 
out this possibility, induction of tyrosine phosphorylation of intra- 
cellular proteins was examined in the human primary B cells after 
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Fig. 2. Inhibition of proliferation and activation of T cells by TMC. (A) MLR was 
set up by culturing splenocytes of BALB/c nriouse with mitomycin C-treated 
allogenic spleen cells of mouse C57BL/6 in the presence of TMC (•), CsA (O), or 
cremophor-EL only (□). (S) Spleen cells from BALB/c were stimulated with Con A 
(Sigma) for 48 h in the presence of TMC (•) (CsA(0) or cremophor-ELonly (□), and 
then pH] thymidine incorporation was measured. (O Human primary T cells 
(1.0 X 10^) were pretreated with TMC (1 /tg/ml. •), CsA (1 ^ig/ml, O), or cremo- 
phor-ELonly {□), and then stimulated with 0KT3 mAb (10 /ig/mi) and anti-CD28 
mAb (0.5 /ig/ml) at 37*C for 24 h. 

B cell receptor (BcR) stimulation by anti-BcR mAb (13). As shown 
in Fig. 3B, TMC, CsA, or solubilizing reagent cremophore-EL did 
not affect the BcR-induced tyrosine phosphorylation of intracel- 
lular signaling molecules. As expected, genistein inhibited the 
induction of tyrosine phosphorylation in both T and B cells on 
receptor stimulation (data not shown). Specificity of TMC on 
activated T cells was further confirmed in Fig. where activated 
or resting human primary T and B cells were used. Therefore, TMC 
specifically inhibits the tyrosine phosphorylation of T cell-specific 
intracellular signal mediators involved in the T cell activation- 
signaling pathway. 

To identify the target molecule affected by TMC, we examined 
tyrosine phosphorylation induction of several key molecules par- 
ticipating in TcR-proximal or -distal signaling events in the presence 
of TMC by using the CD8-f Jurkat transfectant. In this transfectant, 
induction of tyrosine phosphorylation of intracellular proteins was 
observed on stimulation of CDS-C chimera by OICT8 mAb, whose 
pattern was qualitatively and quantitatively similar to that induced 
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Fig. 3. T cell-specific inhibition of tyrosine phosphorylation on intercellular 
signal mediators by TMC. (A) Human primary T cells were pretreated with TMC(1 
^g/ml) or CsA (1 fjug/mi) for 5 h. Then cells were stimulated with immobilized 
0KT3 mAb (10 ^g/ml) and rabbit anti-mouse IgG (10 fug/ml) for the indicated 
times. (S) Human primary B cells were pretreated with TMC (1 ^g/ml), CsA (1 
^ig/ml), or solubilizing reagent (cremophore) for 5 h and then stimulated with 
goat anti-human IgM F (ab')2 for the indicated times. The lysates of cells were 
subjected to 1 0% SDS/PAG E under reducing conditions and then immunoblotted 
with anti-phosphotyrosine Ab 4G10. (O CD8-^ Jurkat transfectants or primary 
human B cells were pretreated for 5 h with or without TMC (1 /ig/ml) and then 
stimulated with OKT8 mAb (10 /ig/ml) and rabbit anti-mouse IgG (10 jug/ml) or 
goat anti-human IgM F (ab')2 (10 ^Juq/m\) for 5 min, respectively. Immunoprecipi- 
tates or total lysates were resolved by SDS/PAGE and immunoblotted with the 
indicated antibodies. Treatment of cells with these drugs for 5 h did not induce 
cell death. An equal amount of protein was loaded in each well, which was 
confirmed by Ponceau S staining and immu nob lotting with the anti-ZAP-70 mAb. 



by TcR crosslinking (14, 15), In the presence of TMC, the intra- 
cellular domain of f chain, ZAP-70 tyrosine kinase, immune- 
specific adapters such as LAT and SLP76, ubiquitous adapter c-Cbl, 
PLC-7, Vav, and MAP kinase ERK were not tyrosine phosphor- 
ylated, which have been characterized to be downstream of Lck and 
Fyn in TcR signaling cascade (Fig. 3C) (16). Surprisingly, tyrosine 
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Fig. 4. T cell-specific induction 
of apoptosis by TMC. {A) The pri- 
mary T and B lymphocytes and 
HeLa cells were incubated for tO h 
with the medium alone or various 
concentratlonsof TMC. Cells were 
lysed, and DNA fragmentation 
was analyzed by electrophoresis. 
(S) The primary human T lympho- 
cytes were prelncubated without 
(O) or with (•) immobilized 0KT3 
mAb (10 ftg/ml), and B lympho- 
cytes were prelncubated without 
(V) or with (T) goat anti-human 
IgM F(ab')2 for 3 h, and then 
treated with TMC (1 ;Ag/ml) for 5 
h. Cell viability was determined by 
staining with PI and measure- 
ment by flow cytometry. (C) Jur- 
kat T cells were incubated with 
various concentrations of TMC for 
5 h. Cell lysates were subjected 
to SDS/PAGE under reducing 
condition {anti-PARP blot, anti- 
caspase-3 blot, anti-caspase-9, 
and anti-Bcl-2 blot), and native 
PAGE under nonreducing condi- 
tions (anti-caspase-1 blot), and 
then tmmunoblotted with the in- 
dicated antibodies. As positive 
controls for the cleavage of these 
molecules, cells were stimulated 
with NIH 3T3 transfectant stably 
expressing human FasL (D) Jurkat 
T cells (3 X 10^) stably expressing 
high level of 5V40T antigen were 
transfected by using Superfect 
transfection reagent with null 
vector (gray) or bcl-2 expression 
vector (black). Cells were treated 
for 5 h with TMC (1 or 10 /tg/ml) 
after transfection and then ana- 
lyzed by PI staining assay, (f) The 
primary human T lymphocytes pu- 
rified from peripheral blood us- 
ing Ficoll were pretreated with 
TMC (1 fig/m\) for 5 h. Cells were 
then stimulated with immobi- 
lized 0KT3 mAb (10 tig/m\) for 5 
min. Lysates were immunopre- 
cipitated with anti-p-Tyr-conju- 
gated agarose beads, and the pre- 
cipitates were immunoblotted 
with anti-PI-3K/p85 mAb. For 
anti-phospho-Akt, anti-phospho- 




TMC Oig/ml) 



Bad, and anti-Pl-3k/p85 blots, the lysates were immunoblotted with the indicated antibodies. An equal amount of protein was added in each lane, which 
was confirmed by Ponceau S staining and immunoblotted with the anti-PI-3K/p85 mAb. 



phosphorylation of Lck and Fyn and their kinase activity was not 
influenced, suggesting that TMC targets a signal mediator between 
ZAP-70 and Lck or Fyn tyrosine kinase in TcR-mediated signal 
transduction cascade, A similar pattern of tyrosine phosphorylation 
inhibition was observed with primary human T cells stimulated by 
0KT3, and anti-CD28 mAb in the presence of TMC (Fig. 6, which 
is published as supporting information on the PNAS web site, 
www.pnas.org). However, Lyn tyrosine kinase specifically induced 
on BcR stimulation was not influenced by TMC. 

T Cell-Specific induction off Apoptosis by TMC. Triggering pro- 
grammed cell death in activated T lymphocytes is one of the most 
important regulatory mechanisms of the immune response (17). 
TMC induced DNA fragmentation of primary T cells using con- 
centrations as low as 1.7 nM. Primary B cells showed minimal cell 



death at high concentrations of TMC, and apoptosis was not 
observed in HeLa cells in the presence of TMC (Fig. 4A). Induction 
of apoptosis was quantitatively confirmed by PI and annexin V 
staining, and CD4"^ £md CDS^ T cells did not show any difference 
in the level of apoptosis induction by TMC (Fig, 7, which is 
published as supporting information on the PNAS web site). The 
purified activated human T cells showed much higher sensitivity to 
TMC than resting T cells or activated or resting B cells (Fig. 4B). 
This result is consistent with the mechanism of action of TMC, 
which inhibits tyrosine phosphorylation induction of T ceil-specific 
intracellular signal mediators. 

Two independent apoptotic-signaling pathways triggered by the 
ligation of death receptors or various forms of cellular stress have 
been proposed, and these two pathways converge on the activation 
of downstream caspase-3, -6, -7, -9 (18). To investigate the molec- 
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Table 1. In vivo immunosuppressive effect of tautomycetin on 
graft survival after heterocardlac transplantation in rat 

Concentration, Survival No. of 



Drug mg/kg Injection days rats 



Cremophor-EL 
only 


5 


i.p. 9 


4 


5 


i.p. 10 


3 


CsA/cremophor-EL 


5 


i.p. >100 


2 


Tautomycin/P8S 


0.05 


I.p. 10 


3 


TMC/PBS 


0.05 


i.p. >160 


12 


TMC/ME 


0.03 


i.v. >160 


8 



The Lewis rat heart was transplanted in the abdominal cavity of the Wistar rat 
by microsurgical anastomosis. After the heterotopic heart transplantation, the 
recipient was given CsA (5 mg/kg of rat weight optimally formulated In cremo- 
phor-EL solution) for 40 days, tautomycin (0.05 mg/kg of rat weight and solubi- 
lized in PBS), or TMC (0.03 or 0.05 mg/kg of rat weight and solubilized in PBS or 
in microemulsion form (ME) for 30 days. Graft survival was monitored by exam- 
ining the heartbeat through the abdominal wait, and anatomical examination 
was done on 100th or 160th day after heterocardiac transplantation. 



ular mechanism of apoptosis induction by TMC, cleavage of 
downstream effector caspases and their key substrates was exam- 
ined (Fig. 4C). BcI-2, which was known to bind to mitochondria and 
inhibit the release of cytochrome c, was cleaved as a consequence 
of TMC treatment in a dose-dependent fashion, and overexpression 
of Bcl-2 in Jurkat TAg cell line abrogated the apoptotic effect of 
TMC (Fig. 4D) (19). Similar kinetics of cleavage was observed in 
downstream caspase-9, caspase-3-like protease, and PARP. How- 
ever, caspase-1 -like protease (20), which was cleaved by natural Fas 
ligand stimulation, was not affected by TMC treatment. Z-VAD- 
ftnk, which was known to inhibit the function of caspase-1 and -8, 
inhibited the TMC-induced apoptosis in a dose-dependent manner 
(Fig. 8, which is published as supporting information on the PNAS 
web site). This finding suggested involvement of caspase-8 in 
TMC-mediated apoptosis induction via mitochondria. These results 
indicated that T cell-specific induction of apoptosis by TMC is in 
part mediated by Bcl-2 cleavage, leading to the release of cyto- 
chrome c, which facilitates binding of Apaf- to caspase-9 in its 
presence and subsequent activation of caspase-8 and -3 in apoptosis 
induction signaling pathways. 

In recent studies, the serine/threonine kinase Akt is emerging as 
a key molecule involved in regulating cell survival in a variety of 
models (21). To investigate the involvement of PI -3 kinase, Akt, and 
BAD in T cell-specific apoptosis induction by TMC, the induction 
of phosphorylation of PI-3 kinase, Akt, and BAD was examined in 
the presence of TMC by using the primary T cells stimulated by 
immobilized 0KT3 mAb. As shown in Fig. 4£, TMC significantly 
inhibited the phosphorylation of Akt and BAD, suggesting that 
these three molecules might be responsible for the possible func- 
tional crosstalk between inhibition of T cell activation and induction 
of T cell-specific apoptosis by TMC. 

Immunosuppressive Effect of TMC in Vivo. To assess the ifi vivo 
immunosuppressive effect of TMC, we measured allograft survival 
in rats treated with either TMC or CsA after heterotopic cardiac 
transplantation (22). The mean graft survival without administra- 
tion of any immunosuppressor or solubilizing reagent was only 9.5 
days, compared with more than 100 days for an isograft. The 
recipient was treated with CsA (5 mg/kg of rat weight) optimally 
formulated in cremophor-EL polyethoxyethylated castor oil solu- 
tion for 40 days or with several different doses of TMC solubilized 
in PBS or in microemulsion form for 30 days after heterocardiac 
transplantafion. As shown in Table 1, graft survival was prolonged 
for more than 100 days in the CsA-treated group. The grafted heart 
survived for more than 160 days in groups of rats treated with TMC 
using a dose as low as 0.03 mg/kg, and the level of graft survival was 
observed in a dose-dependent manner. On histological examination 
on the 160th day after transplantation, the cardiac muscle cells, 
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vascular architecture, and renal tubes were well preserved, and T 
cell infiltration was minimal in the recipient. Biochemical analysis 
of GOP, GTP, glucose, and creatine levels in blood after admin- 
istration of TMC up to 5 mg/kg in rats for 30 days did not show any 
significant liver and kidney toxicity (see Table 2, which is published 
as supporting information on the PNAS web site). In contrast to 
TMC, tautomycin did not show any immunosuppressive effect in m 
vivo heart allograft transplantation. These results demonstrated 
that the in vivo immunosuppressive activity of TMC is as effective 
as CsA in an in vivo organ transplantation model, and the immu- 
nosuppressive effect of TMC can be improved even more if the 
pharmacological formulation of TMC is optimized. 

Discussion 

A new Streptomyces strain was isolated from the soil of volcanic 
Cheju Island, which produces a novel immunosuppressive mol- 
ecule. The active compound was purified through various chem- 
ical methods and identified as TMC, which was originally found 
as an antifungal antibiotic. A comparable level of inhibition of 
T lymphocyte proliferation induced by mouse MLR or the 
mitogen Con A was observed with a 100-fold lower concentra- 
tion of TMC than CsA. Although the induction of IL-2 gene 
expression was inhibited by both TMC and CsA, TMC showed 
the inhibition of the surface expression of CD69 or IL-2Ra 
chain. These findings suggested that TMC has the capacity to 
inhibit the intracellular signaling pathway leading to T cell 
activation and proliferation, and its mechanism of action is 
different from that of CsA. 

Among the intracellular signaling events proximal to the TcR 
complex, TMC inhibited T lymphocyte activation by blocking the 
tyrosine phosphorylation induction of the T cell-specific signal 
mediator in a dose- and time-dependent manner on TcR stimula- 
tion. This inhibitory effect of TMC was not observed in primary B 
cells when BcR was engaged by anti-BcR mAb. Further analysis of 
the tyrosine phosphorylation state of individual key signaling 
molecules in the T cell activation pathway demonstrated that TMC 
inhibited T lymphocyte activation by blocking the tyrosine phos- 
phorylation induction of T cell-specific signal mediators located 
between Lck or Fyn tyrosine kinase and ZAP-70 tyrosine kinase. 
The molecule downstream of these two kinases might be the target 
of TMC. A recent study supported the concept that TcR antago- 
nism can occur through the generation of an inhibitory signal within 
the TcR complex, and the inhibitory effect can be exerted through 
the action of proteins that specifically bind partially phosphorylated 
^. Binding proteins could be imknown inhibitory phosphatases 
brought into the vicinity of TcR or unknown positively acting 
kinases present, in a limited amount. Alternatively, one of these 
binding proteins might be the target molecule of TMC. 

Surprisingly, the T cell-specific inhibition of tyrosine phosphor- 
ylation induction by TMC triggered T cell-specific apoptosis via 
Bcl-2, caspase-9, caspase-3, and PARP cleavage, but not via 
caspase-1 activation. Protection of TMC-induced apoptosis by Bcl-2 
overexpression confirmed this pathway. However, partial protec- 
tion, not complete abrogation, of TMC-induced apoptosis by Bcl-2 
overexpression might suggest the possible roles of other members 
of the Bcl-2 gene family in TMC-mediated apoptosis induction via 
mitochondria. Inhibifion of phosphorylation of PI-3 kinase, Akt, 
and BAD by TMC demonstrated that Akt and BAD might be 
important signal communicators between TMC-mediated inhibi- 
tion of T cell activation and apoptosis induction. The observation 
that the activated himian primary T cells showed much higher 
sensitivity to TMC than resting T cells or activated or resting B cells 
is consistent with the results that TMC inhibited the tyrosine 
phosphorylation inducfion of T cell-specific signaling molecules. 

Both TMC and tautomycin exist naturally in two tautomeric 
forms, which resulted in similar chemical names being coined. 
Tautomycin, which is known to be a specific inhibitor of serine/ 
threonine protein phosphatases PPl and PP2A, shares a partial 
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structural moiety with TMC due to its tautomeric property (23). 
However, the functional moieties in tautomycin necessary for its 
inhibitory activity to PPl and PP2A (C22-C26) and apoptosis- 
inducing activity (C1-C18) do not exist in TMC. Higher concen- 
trations t^g/mV) of tautomycin were required to exert a similar 
level of apoptosis by TMC, and T cell-specific apoptosis induction 
was not observed with tautomycin. In contrast to TMC, tautomycin 
did not show any immunosuppressive activity in in vivo heart 
allograft transplantation. 

Two recent papers (24, 25) demonstrated that protein phospha- 
tase PPl is targeted to microtubules by the microtubule-associated 
protein t, and associates with and activates the actin-binding protein 
cofilin in human T lymphocytes, and regulate its polymerization 
through phosphorylation. Phosphorylation of cytoskeleton or its 
associated proteins plays an important role in T cell activation. 
These results strongly support the inhibitory effect of TMC on T cell 
activation, PPl exists in vivo as multiple holoenzymes composed of 
catalytic subunit and several targeting or regulatory subunits, and 
the action of PPl in vivo is thought to be controlled by the regulatory 
subunits. In our results, TMC might act on the unknown regulatory 
subunits of PPl in T cell-specific manner. 

Several possible mechanisms by which TMC induces activated T 
cell-specific apoptosis can be suggested, TMC might not act on the 
apoptotic machinery directly, but by preventing the early T cell 
activation pathway, it creates a form of intracellular stress and then 
activates mitochondria-mediated apoptosis signaling. Alternatively, 
inhibition of activation of an intracellular target molecule on T cell 
stimulation directly triggers the apoptosis signal transduction path- 
way via caspase-3 and -8. Thus TMC induces the cleavage of the 
anti-apoptotic protein Bcl-2 and the release of cytochrome c from 
mitochondria and then activation of caspase-9 complexed with 
Apaf-1 leading to caspase-3 activation, the executioner for apopto- 
tic cell death. Another possibility is that inhibition of T cell 
activation by TMC may block the activation of Akt, the cell survival 
signal, leading to the activation of the pro-apoptotic molecule, 
BAD, by preventing its phosphorylation (Fig. 5). The in vivo 
immunosuppressive effect of TMC was tested in the heterotopic 
cardiac allograft rat model, and 100-fold lower concentrations of 
TMC than CsA increased graft survival up to more than 160 days, 
which is quite comparable to the in vivo effect of CsA. Adminis- 
tration of TMC up to 5 mg/kg in rats did not show any significant 
liver and kidney toxicity, high glucose level in biochemical analysis 
of blood, or histological abnormality such as renal tubular damage 
(Table 2), 

In conclusion, we identified an immunosuppressor, TMC, from 
a Streptomyces strain from the soil of volcanic Cheju Island that acts 
very specifically on activated T cells. Its mechanism of action is 
different from that of CsA and FK506, and the level of cytotoxicity 
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Fig. 5. Proposed mechanism of action of TMC. TMC inhibits the tyrosine 
phosphorylation of T cell-specific intracellular signal mediator between 
ZAP-70 and Lck or Fyn tyrosine kinase in TcR-mediated signal transduction 
cascade. Inhibition of tyrosine phosphorylation by TMC induces activation 
of caspase-3 that can cleave the antiapoptotic protein Bcl-2 and then 
activation of caspase-9 complexed with Apaf leading to subsequent PARP 
cleavage and DNA fragmentation. Alternatively, inhibition of T cell acti- 
vation may block the activation of Akt leading to activation of proapopto- 
tic molecule. Bad. 



of TMC on various organs was much lower than that of CsA when 
administered in vivo. The microemulsion preparation of TMC used 
in these experiments may be a suboptimal formulation, so there may 
be considerable room for improvement of the immunosuppressive 
effects. Furthermore, it can be also used in combination therapy 
with much lower doses of the current immunosuppressors and as a 
bioprobe to dissect the complex intracellular signaling pathways in 
T cell activation. Studies are being undertaken to identify the 
specific target molecules of TMC in the signal transduction pathway 
of T cell activation, as well as its chemical modification and optimal 
drug formulation for efficient clinical administration. 
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Alexandria. VA 22313-1450 

Sir: 

I. Sherman Fong, Ph.D. declare and say as foUows: - 

1. I was awarded a Ph.D. in Microbiology by the University of California at Davis. CA in 
1975. 

2. After postdoctoral training and holding various research positions at Scripps Clinic and 
Research Foundation. La JoUa, CA. I joined Genentech, hic. South San Francisco, CA in 
1987. I am currently a Senior Scientist at the Department of Immunology/Discovery 
Research of Genentech, hic. 

3. My scientific Curriculum Vitae is attached to and forms part of this Declaration. 

4. I am familiar with the Mixed Lymphocyte Reaction (MLR) assay, which has been used 
by me and others under my supervision, to test the immune stimulatory or immune 
inhibitory activity of novel polypeptides discovered in Genentech's Secreted Protein 
Discovery Initiative project. 

5. The MLR assay is a well known and widely used proliferative assay of T-ceU function, 
the basic protocols of which are described, for example, in Current Protocols in 
fiTuniinology Vol. 1. Richard Coico, Series Ed.. JohnWiley & Sons. Inc.. 1991, Unit 3.12. 
(Exhibit A). This pubUcation is incorporated by reference in the description of the MLR 
protocol in die present application. 
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6. The T-lymphocytes or T-ceUs" of our immune system can be induced to proliferate by a 
variety of agents. The MLR assay is designed to study a particularly important induction 
mechanism whereby responsive T-ceUs are cultured together (or "mixed"), with other 
lymphocytes that are "allogeneic", e.g. lymphocytes that are taken from different 
individuals of the same species. In the MLR protocol of the present application, a 
suspension of PBMCs that includes responder T-cells, is cultured with allogeneic PBMCs 
that piedominanUy contain dendritic cells. According to the protocol, the aUogeneic 
"stimulator" PBMCs are irradiated at a dose of 3000 Rad. This irradiation is done in 
order to create a san^le of ceUs that has mainly dendritic cells. It is known that the 
dendritic ceU population among tiie PBMCs are differentially affected by irradiation. At 
low doses (500-1000 Rad), the proliferation of most ceUs, including the B ceUs in the 
PBMCs. is preserved, however, at doses above 2000 Rad. tiiis function of B ceUs is 
abolished. Dendritic cells on the other hand, maintain tiieir antigen presentation function 
even at a 3000 Rad dose of radiation. (See, e.g. Current Protocols in ImmunoloRV, supra, 
at 3. 12.9). Accordingly, under tiie conditions of the MLR assay used to test the PRO 
polypeptides of the present invention, the stimulator PBMCs remaining after irradiation 
are essentially dendritic ceUs. 

7. Dendritic cells are the most potent antigen-presenting cells, which are able to "prime" 
naive T cells in vivo. They carry on their surface high levels of major histocompatibility 
complex (MHQ products, tiie primary antigens for stimulating T-cell proliferation. 
Dendritic ceUs provide tiie T-cells witii potent and needed accessory or costimulatory 
substances, in addition to giving tiiem Uie T-cell maturing antigenic signal to begin 
proliferation and cany out tfieir function. Once activated by dendritic cells, tiie T-cells 
arc capable of interacting witii otiier antigen presenting B cells and macrophages to 
produce additional immune responses from tiiese ceUs. For further detaUs about tiie 
properties and role of dendritic ceUs in immune-based dierapies see, e g. Steinman, Drug 
NftwsPerspect. 13(10):581-586 (Exhibit B). 

8. The MLR assay of tiie present application is designed to measure tiie abiUty of a test 
substance to "drive" tiie dendritic ceUs to induce tiie proliferation of T-cells tiiat are 
activated, or co-stimulated in tiie MLR, and tiius identifies immune stimulants tiiat can 
boost die immune system to respond to a particular antigen tiiat may not have been^ 
immunologically active previously. 
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9, Such imnnme stimulants find important clinical appUcatiom. Fo 

known immune stimulant, which has been shown to stimulate T-cell proliferation in the 
MLR assay. IL-12 was first identified in just such an MLR [Gubler et al. PNAS 88. 
4143 (1991) (Exhibit Q]. a recent cancer vaccine trial, researchers from the 
University of Chicago and Genetics Institute (Cambridge, MA) have demonstrated the 
efficacy of the approach, relying on the inunune stimulatory activity of IL-12. for the 
treatment of melanoma. [Petrason et al. ToumalofClinical OncoloRYll (12). 2342-48 
(2003) (Exhibit D)] They extracted circulating white blood ceUs carrying one or took 
markers of melanoma ceUs. isolated the antigen, and returned them to the patients. 
NormaUy patients would not have an immune response to his or her own human antigens. 
The patients were then treated with different doses of IL-12, an immune stimulant 
capable of inducing the proliferation of T ceUs that have been co-stimulated by dendritic 
cells. Due to the immune stimulatory effect of IL-12. the treatment provided superior 
results in conq)arison to earUer work, where patients' own dendritic cells were prepared 
from peripheral blood mononuclear cells (PBMCs). treated with antigens, then cultured 
in vitm and returned to the patient to stimulate anti-cancer response. [Thumer et al. L 
Fx p. Med. 190 (1 1). 1669-78 (1999) (ExhibU E)]. 

10. It is my considered scientific opinion that a PRO polypeptide shown to stimulate T-ceU 
proliferation in the MLR assay of the present invention with an activity at least 180% of 
the control, as specified in the present appUcation. is expected to have the type of activity 
as that exhibited by IL-12. and would therefore find practical utUity as an immune 
stimulant. Some PRO polypeptides do the reverse, and give inhibition of T-ceU 
proUferation in the MLR assay. It is my considered scientific opinion that a PRO 
polypeptide shown to inhibit T-ceU proliferation in the MLR assay where the activity is 
observed as 80% or less of the control, as specified in the present appUcation, would be 
expected to find practical utility when an inhibition of the immune response is desired, 
such as in autoimmune diseases. 

n.t^- ^AA / By: .^C^ 

Sherman Fong, Ph.D. 
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Sherman Fong, PI1.D. 

Senior Scientist ^„ . .j «, 

Departmentoflmmunology 19 Basinside Way 

Genentechlnc. Alameda. Califonua 94502 

IDNAWay. 

Soufli San Francisco, Califomia 94080-4990 

WnA Telephone : (650)225-2783 FAX: (650) 225-8221 

pome Telephone : (510)522-5411 

Education : 

1978 - 1980 Postdoctoral Fellow in Immunology, Researeh Institute of Scripps Clinic, 

Scripps Clinic and Research Foundation, La Jolla, California 

1975 - 1978 Postdoctoral Fellow in Immunology, University of Califomia at 

San Francisco. San Franciso, California 

1970-1975 Ph.D. in Microbiology, University of Califomia at 

Davts, California 

1966-1970 B.A. in Biology/Microbiology, San Francisro State 

University, San Francisco, Cabfonm 

Cmren^^sS'sdentist, Department of Immunology/Discovery Research, Genentech, Inc., South San 
Francisco, Califomia 

8/00-8/01 Acting Director, Department of Immunology. Genentech, Inc. South San Francisco. Califomia 

10/89 Senior Scientist in the Department of Immunology/Discovery Research, Genentech, Inc. 
South San Francisco, Califomia 

3/89 - 10/89 Senior Scientist and Immunobiology Group Leader, Department of Pharmacological 
Sciences, Immunobiology Section/Medical Research and Development, Genentech, Inc., S. San Francisco, 
Califomia 

9/87 - 3/89 Scientist. Department of Pharmacological Sciences, Immunopharmacology SectiMi/Medical 
Research and Development, Genentech, Inc., S. San Francisco, Califomia 

1/82 - 9/87 Assistant Member (eq. Assistant Professor level). Department of Basic and Clinical Research. 
Division of Clinical Immunology, Scripps Clinic and Research Foundation. U Jolla, California 

6/80 - 12/81 Scientific Associate in the Department of Clinical Research, Division of Clinical 
Immunology, Scripps Clinic and Research Foundation, U Jolla, Califomia 

7/78 - 6/80 Postdoctoral training in the laboratory of Dr. J. H. Vaughan, Chairman, Department of Clinical 
Research, Division of Clinical Immunology, Scripps Clinic and Research Foundation, La Jolla, California 

2/75 - 6/78 Postdoctoral training in the laboratory ofDr. J. W.Goodman, Department of Microbiology 
and Immunology, School of Medicine, University of Califomia, San Francisco, CaUfomia 




7/71 - 12/74 Research Assistant and Graduate Student, Department of Medical Microbiology, School of 
Medicine, University of California, Davis, California, under Dr. E. Benjamini 



Recipient: Special Research Award, (New Investigator Award), National Institute of Health (1980). 

Recipient: P.L, Research Grant Award, National Institute of HeaWi (1984). 

Recipient: Research Career Development Award (ROl), National Institutes of Healfli (1985). 

Recipient: P.I., MuW-Puipose Arthritis Center Rcsarch Grant, NIH (1985) 

Recipient: P.I., Resarch Grant Award, (ROI Renewal), National Institute of Health (1987). 

Scientific A ssociations: 

Sigma Xi, University of California, Davis, California Chapter 
Member, The Amwican Association of Immimologists 
( ^^ jnmrttce Sen nce and Professional Activities: 

Member of the Immunological Sciences Study Section, Naticmal Institutes of Health Research Grant 
Review Commitec, (1988-1992). 

Advisory Committee, Scientific Review Committee for Veteran's Administration High Priority Program on 
Aging. 1983. 

Ad Hoc member of Immunological Sciences Study Section, National Institutes of Health, 1988. 

Ad Hoc Reviewer Journal of Clinical Investigations, Journal of Immunology, Arthritis and Rheumatism, 
International Immunology, Molecular Cell Biology, and Gastroenterology 

]Riotechnolot| v Experience 

Established at Genentech in 1987-1989 within the Immunobiology Laboratory, in the Department of 
Pharmcological Sciences, group to study the inununogenicity of recombinant hGH (Protropin®) in hGH 
transgenic mice. 

Served as Immunologist on tiie Biochemical Subteam for Protropin® Project team. 

Served as Immunologist on the Met-less hGH and Dnase project teams, two FDA proved biological 
drugs: second generation hGH Nutropin® and Pulmozyme® (DNase). 

Served immunologist inl989-1990 on the CD4-IgG project team carrying out m vitro 
inmiunopharmacological studies of the effects of CD4.IgG on the in vitro human immune responses to 
mitogens and antigens and on neutrophil responses in siq)port of the filing of IND to FDA in 1990 for use 
of CD4-IgG in the prevention of HIV infection. Product was dropped. 
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National Institutes of HealA Postdoctoral Fellowship Award (1975). 



In 1989-1991, mitiated and carried research and development woric on antibodies to CDl lb and CD18 
chains of the leukocyte P2 integrins. Provided preclinical scientific data to Anti-CD18 project team 



supporting the advancement of humanized anti-CD18 antibody as anti-inflammatory in the acute siting. 
IND filed in 1996 and currently under clinical evaluation. 



1993-1997, Research Project Team leader for small molecule a4pl integrin antagonist ptgect Leadw 
for collaborative multidisciplinary team (N«l 1) conq)osed of immunologists, molecular/cell biologists, 
protein engineers, pathologists, medicinal chemists, pharmacologists, pharmaceutical chemists, and clinical 
scientists targeting immune-mediated chronic ioflammatwy diseases. Responsible for research project 
plans and execution of strategy to identify lead molecules, assessment of biological activities, preclinical 
evahiation in experimental animals, and identification of potential clinical targets. Responsible for 
identification, huing, and workmg wifli outside scientific consultants for jwoject Helped established and 
responsible for maintaining current research collaboration with Roche-Nutlcy. Project transfered to Roche- 
Nutley. 

1998i)Tesent, woilced with Business Development to identify and create jomt development opportunity 
with LeukoSite (currently Millennium) for monoclonal antibody against a4p7 intergin (LDP-02) for 
ther^utic treatment for inflammatory bowel disease (UC and Crohn';s disease). Currently, working as 
scientific advisor to the core team for phase II clinical trials for LDP-02* 

Currently, Research Project Team Biology Leader (1996-present) for small molecule antagonists for 
a4p7/MAdCAM-l targeting the treatment of human inflanmiatOTy bowel diseases and diseases of the 
gastrointestinal tract Responsible for leading collaborative team {N=12) fiom Departments of 
Immunology, Pathology, Analytical Technology, Antibody Technology, and Bio-Organic Chemistry to 
identify and evaluate lead drug candidates for die treatm^it of gastrointestinal inflammat(My diseases. 

Served for nearly fifteen years as Ad Hoc revehver on Genentech Internal Research Review Committee, 
Product Development Review Committee, and Pharmacological Sciences Review Committee. 

Worked as Scientific advisor wiA staff of the Business Development OflSce on numerous occasions at 
Genentech, Inc. to evaluate the science of potential in-licensing of novel technotogies and products. 

2000-2001 Served as Research Discovery representative on Genentech Therapeutic Area Teams 
(Immunology/Endocrine, Puhnonaiy/Respiratory Disease Task Force) 
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T^vjt^d Svmp^ftiiim Lectures: 

Session Chaiiperson and speaker. American Aging Association 12tli Annual National Meeting, San 
Francisco, California, 1982. 

Invited Lecturer, International Symposium, Mediators of Immune Regulation and Immunotherapy, 
University of Western Ontario, London, Ontario, Canada, 1985. 

Invited Lecturer, workshop on Human IgG Subclasses, Rheumatoid Factors, and Complement American 
Association of Clinical Chemistry, San Francisco, CaUfomia, 1987. 

Plenary Lecturer, Firet International Waaler Conference on Rheumatoid Factors, Bergen, Norway. 1987. 

Invited Lecturer. Course in Immunoriieumatology at the Universite aux MarseiUes. Marseilles, France. 
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Plenary Lecturer, 5* Mediterranean Congress of Rheumatology. Istanbul, Turicey, 1988. 

Invited Lecturer, Second Annual meeting of tiie Society of Chinese Bioscientist of America, University of 
CalifOTiia. Berkeley, California, 1988. 

Lecturer at the inaugural meeting of the Immunology by the Bay sponsored by The Bay Area Bioscience 
Center. TTie P2 Integrins in Acute Inflammation, July 14, 1992. 

Lecturer "Research and Development - An Anatomy of a Biotechnology Company". University of 
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Lecturer "The Dmg Development Process - Biologic Research - Genomics". University of California, 
BerkeW Extension. April 2 1 , 1999. October. 1999. April 2000. October. 2000. 

Lecturer "The Drug Development Process - Future Trends/Impact of Phannacogenomics", University of 
California Berkeley Extension. April 2001, October 2001, April 2002. 

Invited Speaker. "Targeting of Lymphocyte Integrin o4p7 Attentuates Inflammatoiy Bowel Diseases", in 
Sympoium on "Nutrient effects on Gene Expression" at the Institute of Food Technology Symposium, 
June, 2002. 
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Proliferative Assays for T Cell Function 

A number of agents can specifically or nonspecifically induce T cell activation, resulting 
in cytokine production, cytokine receptor expression, and ultimately proliferaUon of the 
activated T cells. Although proliferation is not a specific effector function of T lympho- 
cvtes--4n contrast to helper function for B lymphocytes {usrrs.io) or cytotoxicity {untt 
, ;iV-Droliferation assays are reliable, simple, and easy to perform and have been widely 
uL^Tto assess the overall immunocompetence of an animal. In addition, the assays 
dMoibed in this unit form the basis for identifying the appropriate ceUular populaUon 
Uiat might be used to obtain T ceU clones {umsjs) or T ceU hybridomas (iWiTJ.w). 

The assays have been divided into two groups on the basis of whether they arc used to 
stimulate primed or unprimed T lymphocytes. TTie first basic protocol descnbes *e use 
of aeents that are capable of activating unprimed T lymphocytes m cultiirc either by 
nh^iacologic ineans (calcium ionophore and phorbol ester stimulation), by direct 
L« linldne of the T cell receptor (TCR) on a large percentage of responds cells 
Janti CD3 aiti-TCR-TS. or anti-TCR-ap monoclonal antibodies), by cross-linkmg the 
receotors on certain subpopulations of T cells with monoclonal antibodies specific for the 
Vrerions of B chains of the TCR (anti-VP) or with enterotoxins specific for certom 
VB^toinregions,orbyindirectlycross-linkinglheTCRaectinsormonoclon^^^ 
to non-TCR antigens). The first alternate protocol describes the use of plate-bound 
antibodies specific for tiie TCR to stimulate proliferation. The second alternate protocol 
describes thTactivation of unprimed T cells to cell-associated antigens in the nuxed 
lenkocvte reaction (MLR). TTie first support protocol describes the preparation and use 
ofT cei-deoleted accessory or stimulator cells and the second support protocol descnbes 
methods for blocking, accessory ceU proliferatioa Fmally, die second basic protocol 
Lcribes the induction of a T ceU proliferative response to soluble protein antigens or to 
cen-associated antigens against which the animal has been primed m vivo. 
Tl,eassaysmthisunitemploymurineTlymphocytes.InductionofproMeratiyere^^ 
of nS B lymphocytes is described in vnits.io. Related assays for use with human 
peripheral blood lymphocytes are described in UNIT7.9. 

NOTE: All solutions and equipment coming into contact witii cells must be sterile, and 
proper sterile technique should be used accordmgly. 

ACTIVATION OF UNPRIMED T CELLS 

TInnrimed T cells can be induced to proliferate by a variety of agents, including pharma- 
cdS agents. anti-CDSHXai or anti-Thy-1 monoclonal antibodies, enterotoxii^and 
S The commentary briefly describes tiie specificities of these agents while Table 
lists sources and concentrations for use in this protocol. Altiiough tius procedure 
is iniended to measure proliferation of T cells specifically, in many cases mducUon of T 
rolifeiation is dependent on the presence of non-T ceUs that function as accessory 
^Us m latter provide additional costimulatory signals for T ceU piobferation as weU 
S aoss-link (via tiieir Fc receptors) monoclonal antibodies bound to («ll-surface anti- 
reriJierequirementfornon-Taccessory cells varies with the nature ofthes^ 

Land and ^1 range fiom absolute dependence to accessory cell-independent T cell 
Ktivation (see Table 3.12.1). The activation is calculated after determuung tiie difference 
in incorporation of pH]thymidine between stimulated and control ceUs. 
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Table 3.12.1 Agents Used to AcUvate Unprimed T Cells in ProBferative Assays 

Mode of action, etc. 

Use wifli ionomycin or 
A23187; pharmacologic 

Use with PMA; 
phatmacdo^^c 

UsewithPMA; 
phannacologic 

Indirect TCR 
cross-linking 

IndirectTCR 
cross-linking 

IndirectTCR 
cross-linking 

Use plate-bound or 
soluble; direct TCR 
cross-linking 

Use plate-bound or 
soluble; direct TCR 
cross-linking 

Use plate-bound; direct 
TCR ooss-linldng 

Use plate-bound; direct 
TCR cross-linking 

Use plate-bound; direct 
TCR cross-linking 

Use plate-bound; direct 
TCR cross-linking 

receptor specificity 

Vp-3,7.8,17<eceptor 
i^jedfidty 

V^ll,15.17-ceceiHor 
spedficity 

PHA. phytobemagglutimn; Con A. coocana valin A; Staph 
tox A, B, & E, 5ti9>Aytococcw eolttotoxms A, B, & B. 

^Supplier addresses and phone numbers are piovidcd ^1^'^ ^U^*?^^ ~' 
Sngcn; PH, PharmadaLKB; SIG. Sigma; IT. Toxin Tcdinotogy; WD. Wdlcomc Diagnostics. 

cwben using «iti-CD3 and anti-TCR antibodies in soluble f onn (rather than plate^»>^^ acces^y cdls arc 
SS^^ uS Staph enterotoxins. acocssoiy cells must express appiopnaie MHC dass U molecules. 
^S<»ssofy ceU dependent is not ab^ 



Agent** 


Source/ 
cat no.*' 


Concentration 


Accessory 
cells' 


PMA 




1-lOng/ml 


No 


Ionomycin 


PAT 407950 


200-500 ng/ml 


No 


A231o/ 


CAL 100105 


100-500 ng/ml 


No 


PHA 


WDHA16 


l-5ngAnl 


Yes 


ConA 


PH 17-045(W)1 


MOjig^ml 


Yes 


Anti-Thy-1 


PGmAW37 


l-SOng/Dol 


Yes^ 


Anti-CD3 


PGHM-CD3 


0.1-5 jig/ml 


Yes^ 


A Tin? _rf R 
Anti- 1 wK-«p 


PGHM-AB- 

TCR 


0.1-10 ^g/ml 


Yes« 


Anti-TCR-76 


PGHM-GD- 
TCR-1; 

HM-GD-TCR-3 


0.1-100 Hgtol 


No 


Anti-vp-5.1, 


xvJ irirvi- Y p- 

TCR-l 


0.1-100 ug/ml 


No 


Anti-Vp-e^ 


PORM-V^- 
TCR-2 


0.1-100 ^g/ml 


No 


Anti-Vp-U 


PORM-Vp- 


0.1-100 ^ig/ml 


No 


StaplitoxA 


TTATlOl 


1-10 )ig^ 


Yes'' 


Sts^toxB 


TTBT202; 
SIGS4881 


1-100 (ig/ml 


Yes* 


Stai^ tox E 


TT ET404 


1-10 ^g/ml 


Yes« 
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Materials 

Complete RPMI-5 and RPMI-10 media (APZ-sflJ/Jf 2) 
Responder cells: lymphocytes from nonimmunized mouse thymus, spleen, or 

lymph nodes (tw/TJ-i) 
Activating agent(s) (Table 3.12.1) 

Phosphate-buffered saline (PBS; yU-PfATOKZ) . . 

Acaasorv ceQs: unfractionated mouse spleen cell suspension, uradiated or 
^ted with mitomycin C j[second support protocol) or TcelWepleted 
(first support protocoO 
pHJthymidine (iW£NDff J) 

15- and 4-ml disposable, polystyrene conical tubes with screw caps 
Low-speed centrifuge with SorvaU H-1(XX)B rotor (or equivalent) 

25- to lOO-^l single- and multichannel pipettors with disposable tips 
Additional reagents and equipment for removmg organs (unttjs), Feparmg 
sto^^U »spensions {unitsj), and counting, labehng. and harvestmg 

<xas (APPENDIX 3) 

1 Prepare responder leukocyte suspensions from thymus, spleen, or lymph node m 
complete RPMI-5 as described in UMTJ.). 

Tfu- size of the intended experiment dictates the number of organs to be colUcted See 
^^^1o^3forZwdicationofcellnumberre<pdredandv^^^^ 
T!Hr»«- omm. Spleen, thymus, and lymph node can be used as responder cells, 
^^%^U^isasZf^^ Pur^T cells orsubpopulat^ 

tSls(Le7cD4* or CDS*) cells may also be used. See UNm3J-3.6for ennchment/ 
depletion meAods. 

2 Centrifuge single-ceU suspensions in 15-ml conical tubes for 10 rmn in Sorvall 
2?00ofrotor^-1000rpm(200xg),roomtemperature.andd^ 

3 Resuspend ceU pellet in complete RPMI-5. Com»t responder cells and adjust to -10« 
cells/ml with complete RPMI-10. 

While this concentration (IxlO^ cellsM or2^1(f cellsA^eU) wiUgh>e ^ff^°ry 
rJZns^withmostceUpopuiations,itisuse^^ 
Z7S^ZexpeM.yu,^mctionatedspUenorl^^ 
Jil^^nLrpopuLion. s^ient accessory cells are present and th^ is no need 

ZZpSZt^^turesliS^^^^^^^ ".'-^TL^'^'^^'^'^l^'r^^ 

T cMsubpopulations are used as responders. U wdl be '^^''"^. ^J^jf!^ 

acZLry^idependingonthenatureoftheactivating^^^^ 

is most easily accomplished by adding increasing nmiber^ (0.1. 0.5. and 1.0 x 10')of 

Z^^ksp^^en(Zessory)ceUsin0.1mlto2xl0l'Tce^ 

/^TaZar^ comparison qf the responsiveness of dijS^erent cell 

cell populations, and a kinetic e:q>enmenL 

4 Prepare working solutions of activating agents in 4-ml conical tobes ^ room temper- 

followf. For MAb. toxin, or lectin, make a series of four drluuons from 1 
m7nJstocksolutions-*.g.J()0. 30,10. and3H^^ 

icS agent, make single dilutions of 100 ng/ml solution of PMA and 1 ng/ml A23187 

(or 4 ng/ml ionomycin) in PBS. 

If MAb in supernatant or ascites form are being used, at least four dilutions should 
l^bemeTworldngsolutionsshouldbeusedimmediately,siru:e^^ 

especiaUy MAb. may bind to the plastic. 
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See Table 3.12.1 for Vp specificities of staphylococcal enterotoxins. It is essential to 
verify that the mouse strain employed e:q}resses the MHC class II surface molecules 
for which the enterotoxin has a specifit binding canity. See Marrack and KappUr 
( 1989) for further discussim of various enteroxins and their specificities. 

5. Add 20 111 of each dilution of activating recent (MAb, enterotoxin or lectin) to each 
of three wells of a 96-well flat- or round-bottom microliter plate. Include control wells 
with 20 Hi of PBS only. Add 20 |il PMA or calcium ionophore at the single 
concentration indicated in step 4, as the dose-response curve for these agents is 

. extremely narrow. 

A series of four dilutions wiUform one row of each microtUer plate, allowing for 
^[icientorganizptioncf the plates. 

6. To the wells of the 96^well microtiter plate containing activating agent, add 2 x 10* 
cells in 0.2 ml. 

7. Place microtiter plates in a humidified 37»C, 5% COj incubator for 2 to 4 days. 

Optimum culture periods for stimulating cells wiU vary depending m cell type and 
laboratory conditions and must be determined empirically (see critical parameters). 

8. Add pH]thymidine to each welL Return the plates to CO2 incubator to pulse 1 8 to 24 
hr. Harvest cells using a semiautomated san^)le harvester and measure cpm in P 
sdntillation counter. 

9a. Compute the data as the difference in cpm of stimulated (experimental) and control 
(no activating agent added) cultures. This is done by subtracting the arithmetic mean 
of cpm from triplicate control cultures from the arithmetic mean of cpm from 
corresponding stimulated cultures. TTie results are referred to as "A cpnL" 

9b Alternatively, compute tiie data as the ratio of cpm of stiniulated and control cultureis. 
niis is done by dividing die arithmetic mean of cpm from stimulated cultures by tiie 
aridunetic mean of cpm fit>m control cultures. The results are referred to "Sr 
(stimulation index). 

The second method (step 9b) has the disadvantage that small changes in background 
valueswiUresultinlargedumgesinSIandshouldbeinterpreUdwithcaution. Inmost 
puUicarions, A cpm rather than SI values are preferred. 

ACTIVATION OF UNPRIMED T CELLS WITH 
PLATE-BOUND ANTIBODIES 

Although it is possible to induce T ceU activation wifli monoclonal antibodies to the 
CDSfTCR complex in solution during culture, such activation depends on cross-linking 
of die antibody by Fc receptor-*earing accessory ceUs. This protocol describes tfie use 
of monoclonal antibodies to die CDZfTCR complex by coupling tiiem to die wdls of die 
microtiter plates. The T ceU proliferative response induced under these conditions does 
not requite die presence of significant numbers of accessory cells, aldiough die responses 
obtained may be suboptimal (Jraikins et al-, 1990). 

Use of dus protocol is recommended for use with tiiose antibodies to die CD3/TCR 
complex which bind poorly to die Fc receptor present on raurine accessory cells and which 
do not induce TceU activation in soluble form. Aldiou^ all monoclonal antibodies leacfily 
couple to plastic under diese conditions, it is very difficult to induce a proliferative 
response widi certain antibodies such as the G7, anti-Thy-1 monoclonal antibody. In such 
cases, die conditions described in die basic protocol should be followed. 
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Additional Materials 

PBS {/iP/'£Aa?«2), room temperature and 4''C • 
1 mg^ml purified anU-CD3 or anti-TCR MAb in PBS (for nonspeci^ acy^^^^ 

of T ceUs) or 1 mg/ml purified anti-Vp or anti-TCR-TS MAb in PBS (for 

activation of T ceUs with specific receptors; see Table 3.12.1) 

1 In 4-ml conical polystyrene tubes, prepare a series of four dUutions of MAb from 
sterile 1 mg/ml stock solutions-e-g.. 100. 10. 1. and 0.1 Mg/ml-using. room 
temperature PBS. 

Sources ami ncommended concentrations (fmonocloTudaritibodies cm be^^^ 
t£u 3.12.1: since MAb wiU bind to plastic, the working dilutions should be used 
immediately. 

1%^ nhiUtv of anti-TCR antibodies to cross-link receptor maiecuUs varies depending 
^tSr^T^M^pr-P-ration and the affinity rf^ ^for the TCR/CD3 
conwlL OptinumdilutionswiUhavetobedeterminedindose-r^ponsee^^ 
SSvX, preparations of ascites fluid from the MAb can be tested at different 
dnutiZ(e.g., 1:100, 1:200. 1:400. and 1:800). butuseafpur,fiedantU,odywiU allow 
for better standardization of the assay. 

Because the efficacy of MAb-induced activation depends on the amount g antibody 
bo^tothebottom(^thewelU.itiscrucialtomakethedauti^^ 
JtTaMiHonal source qf proteins such as FCS or albumin; these would compete mth 
^SSS'^theantibo^ and therefore reduce the responsiveness. For t^^^ 
Vis^not recommended to perform the assay with culture supemaumts of the 
appropriate hybridomas. 
0 Add30ulofeachconcentrationofMAbsolutiontoeachofthreewellsofa96-weU 
r^d4)ottommicrotiterplate.Includecontrolwellsof30MlPBSonly. 

A series of four dUutions wiU form one row of each plate, allowing for ^fficient 
onanizationofthe plates. Consistently better responses are seen with round-bottom 
(compared with flat-bottom) plates in antibody-mediated experiments. 
Mostofien. optimd responses are seen with 10 pgM antibody. There is no point i^^ 
amiTmore than the indicated amount of antibody, since the maxunum amount that 
^indtosurface of the wells iS"2to3fJg (AM.K.. unpub. observ.). 
% covertheplateandgentlytapitssidetoensurecompletecoveringofthebottomof 
tte wells, fccubate plates 90 min at 37»C. During incubation, proceed to step 4. 

During this incubation, the antibodies bindto the plasHcm thewelUM 
' c^AZg<^theTcellreceptorsonrespondingTceUs.PlatescanaUobepr^^ 
ZnS^^ore an experiment andkept in the refrigerator overnight. <^rthe3TC 

incubatioTL 

4 prepare responder cell suspensions as in steps 1 to 3 of the basic protocol. 

HteWy punfied T ceU populations can be used in these studUs as the prol^erative 
rJfZse inZed is Jccessory cell-independent. However, the presence of non-T 
accessory, cells does not interfere with the proWerattve response. 

s Wash the wells of the incubated plates by adding 200 |il cold PBS and inverting the 
olates with a fUck of the hand on a stack of paper towels placed in a msue culture 

hood. Repeat washing procedure two more times to remove excess anUbody. 
6 To the weUs of the washed plates, add -2x10* cells in 0.2 ml. 

lfcemarenotreadyatthisstage.platesmaybekeptintherfigeratoro^^ 
mulPBShasbeenadded Presumably, longer storage periods should be acceptabU. 
b^orexperience is limited to-day periods. The PBS should be removed bi^ore 
the cells are added 
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Most cell populations will give peak responsiveness at this cell dosage, but pUot 
experiments should be performed to establish optimal conditions. 

7. Proceed as in steps 7 to 9 of the basic protocol, but incubate cultures for 2 to 3 days 
befcffe adding [^Hlthymidine. 

Kinetic assays should be performed to determine the optimum culture period. 

T CELL PROLIFERATION IN MIXED LYMPHOCYTE CULTURES 

In the mixed lymphocyte culture (MLC) or reaction (MLR), suspensions of responderT 
cells arc cultured with aUogeneic stimulator lymphocytes. The activatmg stimulus is the 
foreign histocompatibility antigen (usually MHC class I or class H molecules) expres^ 
on the allogeneic stimulator cells. Responder cells need not be primed because a sufB- 
cienUy high number of T cells in the MLC wiU respond to the stunulator population. If 
the stimulator ceU population contains T ceUs. their uptake of pH]lhymidine must be 
prevented by irradiation or treatment with mitomycin C; alternatively the stimulator ceU 
suspension can be depleted of T cells (see support protocols). 

Additional MtOerials 

Responder cells: lymphocytes ftom nonimraunized mouse thymus, spleen, or lymph 

nodes (tawTS 1.9 a u) or purified T cells or T ceU subpopulations (wwisi J-iiS) 
Stimulator cells: aUogeneic mouse spleen cells tiiat differ from the responder ceUs 

at H-2 or Mis loci, irradiated or treated with mitomydn C (second support 

protocol) or T cell-depleted (fnst support protocol) 

1 Prepare responder ceU populations as in steps 1 to 3 of the basic protocol. Altiiough 
" un&actionated cell populations can be used as responders in certain situations, it may 

be preferable to use purified T cells or T ceU subsets. 

To estimate the MLR of a ceU population, it is necessary to perfortn a dose-response 

assaywithdi£ferentnmd>ers<rfresponderceUs.Typicfy,threere^^ 

up Tontaining each of the following: 0.5. 1. 2. and4 x JO* celXs (optund responses 

^uaUyobtJnedwith the latur two densities). The setup for these four ceUdensmes 

will occupy <me row (12 wells) cf a microtiter plate. 

For thymocytes, it may be necessary touseSxlO' cells perweU because ^frequency 
of responding Tcells is lower; the lowest number of responder cells couldthmbe 1 x 
/0» /mJ the doses in between would be 2 and 4 yi Usmg this range qf higher 
numbers of responder cells may also be preferred when experimental manipulations 
are expected to reduce the frequency qf responding T cells. 

2 To a 96-well microtiter plate, add 5 x 10* to 4 x itf responder cells in 0.1 ml to each 
well. For each experimental group, set up tiuee rq)Ucate wells. 

Stimulation qf Uukocytes for proliferation in 96-weU microtiter plates can be run in 
paraUel with cytotoxic T lymphocyte (CTL) generation (wn-a n), which is perfo^ 
in 24.weU microtiter plates. For example, cells can be diluted to 4 X 1 (fi cellsM and 
added to 24-weU plates in 1.0 mUweU for CTL generation and to 96-weUplaUs m 0.1 
mlAvell for proliferation. 

3 Prepare a single-cell suspension of irradiated or mitomycin C-4reated stimulator cells. 
" Alternatively, prepare a suspension of T-ceU depleted stimulator cells. Add 0.1 ml to 

eadi well of tiie plates containing responder cells. 

The optimum number qf stimulator cells must be determined for each MLC and for 
different responder cells. For a range qf responder cells from 0.5-4 X {0*. 
stimulator ceUs at densities of 2. 4. and 8 x KfiM (ue., 2.4. andSx IC^/weU). It 
should be noted that the stimulator cell suspension provides both the specific antigen 
to be recognized by the responder T cells as weU as nonspecific accessory cells. If 
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highly purified f cells are used as the responder population, it is therefore not 
necessary to supplement the cultures with non-T accessory cells syngeneic to the 
responder T cells. 

Separate wells with control cultures should be set up that include— for each dose of 
responder and stimulator cells— replicate wells ot responder ceUs with irradiated or 
mitomycin C-treated syngeneic stimulator cells. Values obtained from these controls 
reflect "background" proliferatiOT values (see step 9 of basic protocol). Other negative 
controls often included are wells with stimulator cells alone and weUs with responder 
cells alone. These arc not used for the calculation of the data, but are useful to coiiq)are 
with the background proliferatiMi values; flie latter should not be much higher (<2-fold) 
than those obtained with stimulator or responder cells alone. Higher background values 
indicate potwitial autoteactivity. 

4. FoUow steps 7 to 9 of the basic protocol, but incubate 4e cultures for 3 to 6 days. 

Optimum culture periods for stimulating cells will vary depending on ceU type and 
laJmratory conditions, and must be determined empirically (see critical parameters). 

DEPLETION OFT CELLS FROM 

ANTIGEN-PKESENTING/STIMULATOR CELL SUSPENSIONS 

Although normal unficactionated spleen cell populations can be used as a source of 
accessory cells, in certain types of experiments it may be preferable to use spleen cell 
populations from which die T cells have been removed. TTiis procedure ensures that none 
of Iflie observed proliferative responses of the responder population result from T ceU 
factors derived from the accessory ceU population. For example, even T cells whose ceU 
division has been blocked (second support protocol) can produce cytokines. In the 
following steps. T cell-depleted spleen cell suspensions are prepared usmg a lytic 
monoclonal antibody to the T cell antigen, Thy-1. Because ahnost all the antigen 
presentation or stimulator ceU activity in spleen resides in Ae non-T cell fraction, this 
procedure also leads to enrichment of fimctional antigen-presenting cell function. Furtha: 
enrichment of antigen-presenting cells (AFC) by flotation of the T cell^epleted spleen 
cells on Percoll gradients is also described. Other procedures leading to enrichment of 
AFC are described elsewhere; the method described in vmr3.7 does not deplete T cells 
and therefore is not recommended here; the method described in vnttus leads to higher 
levels of enrichment diat are not required in tiie protocols presented here. 

Addidond Materials 

Spleen cells from nonimmunized mice 
Hanks balanced salt solution (HBSS; ^PEWDflf 2) 
Low-Tox rabbit complement (Cedarlane #CL3051), reconstituted with 

ice-cold distilled watM- and filter-strailized 
Anti-niy-1.2 ascites (HO-13-4; ATCC #11B 99) or anti-Hy-M ascites 

(HO-22-1; ATCC tflTB 100; alternatively, see Table 3.4. 1 for other 

anti-Thy-1 MAb and umz6 for production of ascites) 
70% Percoll solution {unit 3.8 and reagents and solutions) 

1. Centrifuge the spleen ceU suspension derived from single spleen dovra to a pelksL 

The spleen cells should always be fitm nonprimed animals and should be syngeneic 
to the responder T cells unless they are to be used as stimulator cells in Ote MLC. 

2. To the peUet. add 0.9 ml HBSS, 0.1 ml complement, and 25 anti-Thy-1 ascites. 

If cells from more than a single spUai are needed, the procedure should be scaled up 
accordingly. 
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The choice ofanti-Thy-1 reagent to be used depends on the strain of animal from which 
the spleen was derived. The great majority of commonly availabU mouse strains 
(except AKR) express the Thy-1.2 allele. 
3. Incubate the mixture at 45 min in a aV^C water bath. 

4 Centrifiige 10 min in SorvaU H-IOOOB rotor at -1000 ipm (200 x g), room Urapeai- 
' turc. and discard supernatant ResuspendpeUet in HBSS and wash two more times. 

5 Count viable ceUs (apfenddc 3) and resuspend in complete RPMI-10 or PBS for 
inactivation as in the second support protocol, or in HBSS to prepare low-density 

accessory cells (see below). 

The T cell-depleted spleen cell popidation is comprised a$B cells, macrophages, and 
dendritic cells. Further enrichment of cells with enhanced accessory ceU function can 
be obtained by fractionation of this population on PercolL 

6 Dilute 70% PfcrcoU sohition to 55% by mixing 23.58 ml of the 70% Percoll with 6.42 
nil HBSS. Resuspend T cell-depleted spleen ceUs from step 5 in HBSS at 20 x IC^ 
cells/ml. 

7. Layer 3 ml cell suspension over 3 ml of 55% Peicoll solution in a 15-ml conical 
centrifuge tube. 

8. Spin 13 min in H-IOOOB rotor at 3000 ipm (1900 x g), room temperature. 

9. Remove cells that band at the Peicoll/HBSS interface with a 5-in. Pasteur pipet and 
wash 3 times in HBSS as in step 4. 

10. Count viable ceUs and resuspend in complete RPMI-10 for inactivation according to 
the second support protocol. 

The population obtained from steps 6 to 10 is comprised qf large celts including, 
macrophages, dendritic cells, and activated B lymphocyUs. Tius population of ceUsis 
enriched in accessory ceU function. When used in either of the basic protocols wtth 
purified T responder cells, fewer of the PercoU-purified cells should be needed to 
provide accessory function. 

BIX)CKINGCElXlJIARDIVISIONOFACCESSORY/STIMUIATOR^CT 

Hierc aietwb situations in which inhibition of accessory or stimulator cell division should 
be blocked When purified T cells rather than unfractionated lymphoid populations are 
used in the basic protocol, cultures are frequenfly supplenaented with accessory cells 
syngeneic to the responder T ceUs. If accessory cell DNA synthesis is inhibited, one «ui 
then be certain that the resultant proliferative response is comprised entirely of responder 
T cells and does not contain a component of recruited B cell proliferation denved from 
theaocessoiyceU populations. In the MLR. the stimulator cells arc spleencells from mice 
that differ from the responder cells in H-2 and/or Mis gene expression (see appendix i, 
■RblesA iCland A.lEl)and they can also recognize alloantigpns on the responder cells, 
•nus responsiveness of stimulator ceUs against responder cells in an MLR (so^alled 
back-stimulation) must be prevented by blocking ceUular diviaon This can be done by 
treatment of stimulator cells wifli mitomycin C (a DNA cross-hnkmg reagent) or by g 
irradiation. Many investigators prefer mitomycin C treatment when aiitigemc differences 
encoded for by Af/i genes are to be rneasured, or when an irradiation source isnrt^^^ 
For more infonnation on the loci encoding Mis genes, see Tables A.1F.2 and A.1E3. 

Mitomycin C TVeatment 

AddUional Materials 

Mitomycin C (Sigma #M-0503: store in dark) 
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1 . In a 15-nil aluminum foil-wrapped tube, prepare a solution' of mitomycin C in PBS 
at 0.5 mg/inl and filter steriUze. 

Since mitomycin C is very Ughx-sensitive, it is necessary to prepare a fresh stock 
solution each day for each e^eriment. .' 

2 Prepare spleen ceU suspension as described in steps 1 and 2 of the basic protocol at 

a concentration of 5X10^ cells/ml in PBS. 
3. Add mitomycin C to afmal concentration of50Mg/ml (100 MlAnl of cell suspe^^^ 

and wrap the tube in aluminum foil. Incubate 20 min at 37°C. 

4 Add an excess of complete RPMI-5 (Le., fill tube with -12ml) and centrifuge 10 min 
in Sorvall H-IOOOB rotor at 1200 ipm (300 x Discard supernatant and repeat 
washing procedure two more times. 

Three washes are crucial^ because any traces qf mitomycin C left among the cells wiU 
reduce proltferativensponses when the cells are added to an MIA 

5 Resuspend pellet in complete W'MI-IO. Count cells with hemacytometer. Adjust to 
' desiredcpncentration as described in the annotation to step 6 of the basic protocol. 

Irradiation "Dreatment 

Preoare a spleen ceU suspension as described in steps 1 to 3 of the basic protocol, at a 
to^ concentration of5-10xlO«ceUs/mlincompleteRPKfl-10.Usingaw^ 
S^T(^o or »"Cs rinadiator. e.g, GammaceU 1000. NonJion). deliver 1000 to 
2000 rad of irradiation to the cells. 

This dose range of irradiation is suitable for most immunologic applications en^loying 
SDleen cell suspensions. However, antigen presentation by ^^""^^^P^^^^^^ 
l£^?iyaffWedbyirradiation(AshweUetal..l9M):^lowdose^ 

antigen-presenting function of B cells is preserved; after doses of 1100 to 200) rad, a 
^SSldecliiw is observed; and doses >2000 rad abolish the participation of B cells 
asAPC Macrophages anddendriticceUs.ontiieotherhand.maintiunantigenp^^^ 

doses of 3000 lad. To ensure that B cells do not participate m tiie responses 
someinvcstigatorsprefertousedoses of 2000radHowev«. resj^^^^ 
^^Saotigens can best be measured witi. stimulator cells that received doses of <1 000 
«d since B cells presentMfa more effectively. Alternatively. Mis responsiveness can be 
after nritomycin C treatment of stimulator cells, since it also preserves die 
antigen-presentation function of B cells. 

When transformed ceU lines are used as antigen-presenting or accessory cells higher 
doSL mS be used to ensme blockage of cell division. The appropriate dosewiU have to 
ulTrSled empirically for each ceU line, but is likely to be at least 5000 rad; some 
tiLXmedceU lines require as much asl0.000tol2.000rad.an^ 

to mitomycin C treatment 

ACnVATION OF PRIMED T CELLS 

Proliferative responses to viruses, protein antigens, minor transplantation antigeiu! and 
ST mSteH-Y antigen require in vivo immunization followed by m vitio stmiulation. 
Furthermore, enhanced proliferative responses to those antigens that wdl pn^rate Pn- 
n^invitroresponses(i.e..MHCantigens)canbeobtainedbymvivopnmmg. Multiple 

immunizations usually elevate in vitro responses. 

To immunize animals for in vitio secondary responses to soluble protein antigens or 
peptides, dissolve antigens and emulsify in complete Freunds adjuvant ivm-2J). 
S responses by draining lymph node ceUs. immunize animals m a hmd footpad. Fox 
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Strong responses by spleen cells, immunize intraperitoneally. Tail-base immunization also 
can be used as an efficient route of immunization; follow procedure for intradermal 
injection. To prime animals against cellular antigens, inject intraperitoneally with 1-5 x 
10^ cells that express the antigen. Immunization protocols are described in UNiri s, 

Within 2 to 3 weeks after in vivo priming, in vitro responsiveness of primed T cells can 
usually be measured. This assay is often used as a preparation for subsequent in vitro 
cloning iH-ocedures {vmsAd) and T cell hybridoma preparation {unit 3,13). 

Materials 

Complete RPNfl-10 medium (AP/*£M)/X2) 

Responder cells: Purified T cells isolated from lymph nodes {units 3,1-3,6) of 

in vivo primed mice 
Antigen: 1 mg/ml staile protein antigen(s) {unit 3,1$), in PBS or suspension of 

irradiated CM- mitomycin C-^reated stimulator cells expressing alloantigens 

at 8 X 10* cells/ml {UNiT3,ii, support protocol) in complete RPMI-10 medium 

{appendix 2) 

Accessory cells: suspension of irradiated or mitomycin C-treated (or T cell- 
depleted) spleen cells syngeneic to the responding T cells at 5 x 10* cells/ml 
m complete RPMI-10 medium 

4-ml conical tubes 

96- well flat-bottom microtiter plates with lids 

1 . Follow steps 1 to 3 of the first basic protocol for preparation of responder cells. 

2. Prepare 4-fold dilution series of the antigens in 4-nil conical tubes, using complete 
RPMI-10. 

The following dilutions are recommended: 100, 10, h and OA fig/nd protein antigens 
and8,4,2,andlxl0^ cells/ml <f stimulator cells in complete medium. 

3. Add antigens to 96-well flat-bottom microtiter plates, at 30 jil/well for protein 
antigens or 100 jtl/well for cellular antigens. For each experimental group, set iq) 
three replicate wells and include control wells with medium only (no antigen). 

By using four concentrations of antigens and three replicate wells for each dose, one 
row ofa microtiter plate will cover the entire tesud range. 

4. Add responder T cells in 0.1 ml to each well. 

Purified T cells are recommended: otherwise extremely high background values may 
be obtained This appears to be due in part to proliferation of recruited cells (T and 
nonr-T) that are not antigen-specific. Ifunfractionated lymph node cells from recently 
primedmice are used, add 1-2 x l(fi cells per weU and proceed to step 6. 

5. If purified lymph node T cells specific for protein antigens are used, add 0.1 ml of 
accessory spleen cells syngeneic to the donor of the responder T cells at 5 x 10^ cells 
per well. 

Purified T cells require an exogenous source of accessory non-T cells. Accessory cells 
function both as antigen-presenting cells and as a source of undefined "second 
signals. " They are not required for cell preparations primed against cellular antigens, 
because accessory cell function is provided by the stimulator cells, 

6. Proceed as in steps 7 to 9 of the basic protocol. 

Culture periods before labeling can vary widely and kinetic assays shouU be per- 
formed In general, for T cells from primedmice, it is likely that the response wiUpeak 
at day 4 or 5, 
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REAGENTS AND SOLUTIONS 

Percoll solution 
Diluent: 

45 ml lOx PBS, pH 7.4 (appendix 2) 

3ml0.6MHCl 

132mlHaO 

Filter sterilize 

70% Percoll solution: 

63 ml PeixjoU (Pharmacia LKB #170891-01) 

37 ml sterile diluent (above) 

Fmal c»molaiity should be 3 10 to 320 osM 



COMMENTARY 

Background Information 

Proliferative assays for measming T cell 
function havecertain advantages and disadvan- 
tages compared to the cytotoxic T lymphocyte 
(CTL) assay described in vm SM or the 
lymphpkine production assays in imrs3J5S^6j, 
Advantages are Aat proliferative assays are 
less time-wmsuming, less labor-intensive, less 
cdl-consuming, and less expensive than •*true" 
effector T ccD function assays. A disadvantage 
is that antigen specificity is not as easily dem- 
onstrated in proliferative assays as in CTL 
assays, unless antigen-specific clones of pro- 
liferating cdls are used. Furthermore, the pro- 
liferative assay only detects dividing cells in- 
stead of measuring true effector Tcell function. 

It is not clear which T cell function is mea- 
sured in prolifOTtive assays; the proliferative 
response should therefore be used solely as 
gMieral ihdicatas of T ceU reactivity. Data 
obtained in proliferative assays might van- 
ously reflect proliferation of CTL, lyiiq>hok- 
ine-producing T cells, or nonactivated "by- 
stander'' cells, and will be severely affected by 
tiie function of non-T cdls such as accessory 
cells (see bdow). Since the majority of T cells 
respond to and produce JLr2 upon activation, 
differences in responsiveness in a proliferative 
assay in part reflect differences in IL-2 produc- 
tion by the responding T ceUs. Proliferative 
assays tiierefore become more meaningful 
when combined with the lympholdne detection 
assays presented in mnrssJ5A63. Since respon- 
siveness to E>-2 is al so determined by die levels 
and functionality of IL-2 receptors, further in- 
formation will be added by including measure- 
ments of IL-2 rccejrtors (wwrdi) or by flow 
cytometry (umru). Yet, as a first approxima- 
tion of cellular activation, proliferative assays 
are valuable. 



Critical Parameters 
and lyoublesliooting 

Paramet»s affecting the magnitudeof Tcdl 
proliferative responses include cell concentrar 
tion, type of medium, source of serum, incuba- 
UH* conditions (OO2 tevd and humidity), type 
and concentration of activating agent, type of 
responding T cells, type of accessory/ stimula- 
tor cells, mouse strain, and culture time. Opti- 
mal conditicms for incfividual laboratories ar^ 
expoiments niust be derived empirically with 
respect to these variables, but general guide- 
lines are provided below. 

A number of agents can be employed in the 
first basic protocol to induceXcell proliferation 
(Table 3.12,1). T cells may be activated by 
pharmacologic means by prodiKing an eleva- 
tion of intracellular fiee calcium with a calcium 
ionophore combined with activation of protein 
kinase C with a phort>ol ester. Ihe most direct 
means of irxludng T cell activaticm involves 
stimulation with monoclonal antibodies tiiat 
interact with the CD3/TCR complex-^.e., 
anti-CD3, anti-TCR-ccP or -16, as well as anti- 
Vp antibodies that are cq>able of interacting 
with a subset of cells bearing a specific TCR. 
A vigorous T cell proliferative response of 
defined subsets can also be induced vdth cer- 
tain bacterial toxins known as staphylococcal 
enterotoxins . These toxins arc often referred to 
as "superantigens" (Marrack and Kappler, 
1989) because they stimulate T cells via the 
variable (V) gene segment of the TOR, Differ- 
ent toxins have aflSrutics for different Vp chains 
and these specificities make tiiem valuable re- 
agents for activating T cells. The activating 
capacity of toxins is also dependent on their 
ability to bind to MHO class II molecules O-c., 
responding T cells react widi tiie toxin/class n 
complex); thus, responsiveness varies witfi the 
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mouse strain used. Lectins such as phylohc- 
magglutinin (PHA) and concanavaUn A (Con 
A) have been widely used for many years to 
activate T cclk. Although the precise mecha- 
nism of action of these agents is unknown, it is 
likely that lectins activate T cells by indirectly 
cross-linking the ICR because TCR-negative 
cells will not respond to tfiese agents. Lastly, it 
is also possible to induce T cell activation with 
monoclonal antibodies to ccD-surface antigens 
other than the TCR; this protocol employs the 
G7 monoclonal antibody, one of the most ef- 
fective of the anti-Thy-1 activators (Gunter et 
al., 1984). 

When comparing the reactivity of diffeent 
cell populations, it is essential to perform dose- 
xesponse assays for responds T cells and acti- 
vating agents and fcM: both responder and stim- 
ulator T cells (in MLR), since cadi population 
niay yield optimal responses at different cell 
numbers . Tliis may reflect differences in fie- 
quency of responding cells, and hence may 
indicate a need to perform limiting dUution 
assays iUNirsJS). Since peak responsiveness of 
different populations of T cells may occur at 
different tunes, it is also essential to pcrfonn 
kinetic experiments— i.e., compare respon- 
siveness at days 2, 3, 4, and 5, 

Differences in responsiveness need not nec- 
essarily be due to differences m tiic frequency 
of responding T cells, but may also indicate 
differences in the efficacy with which co-stim- 
ulatory activity or "second signals" are deUv- 
ercd by the accessory cells present in different 
cell populations. TTie type of interactions per- 
tin^t to tfie generation of jffimary responses 
by T cells is explained in the commentaries of 
UHJTS 3.8. 3JL A 3J3. Specific requirements for 
inducing activation with immobilized antibod- 
ies have been described (Staerz and Bevan, 
1986; Hathcock et al., 1989; Jenkins ct al.. 
1990). A responding cell population coin- 
pletely devoid of accessary cells (such as puri- 
fied populations of splenic or lymph node T 
cells or cloned T cells) will yield fine respon- 
siveness in an MLC, since accessory cell func- 
tion is provided by the stimulator cells; how- 
ever, die same population will generally not 
yield responses when mitogens, antigens, or 
enteiotoxins are used. In such a setting, acces- 
sory cells may ako function as antigen-present- 
ing cells (APC), Addition of irradiated or mi- 
tomycin Otreatcd syngeneic sources of acces- 
sory cells (eitho- whole spleen cells or purified 
APC; see first support protocol) can be used to 
restore responsiveness in purified T cells. Hie 
need for accessory cells can sometimes be 



bypassed when anti-TCR monoclonal antibod- 
ies are coupled to plastic, or when certain anti- 
Thy-1 monoclonal antibodies arc used; how- 
ever, these conditions do not necessarily result 
in optimal responsiveness (Jenldns et al., 
1990). 

The level of pHldiymidine incorporation 
should not be regarded only as a reflection of 
cellular proliferation: some nondividing cells 
will synthesize DNA and **cold" thynudine 
released by disintegrating cells wfll compete 
with incorporation of labeled thymidine. 
Therefore, measurements of DNA synthesis 
should be accompanied by counting viable 
cells over the length of the culture period if a 
true estimate of cellular prolifwation is to be 
obtained* Of course, cell deajh of nonactivated 
ccIlswillalsointcrfCTewiththeaocuracyofthis 

last paramettf . 

The sensitivi^ of proliferation assays is 
such that small errors in cell numbers willresult 
in large differences in pHJthymidine incorpo- 
mtion values. When values obtedned in tripli- 
cate cultures correspond poorly (e.g., >5% dif- 
ference in <^m values >1000), technical prob- 
lems such as cell clumping, dilution, and 
pipetting should be considered. Excessive^ 
lugh values may be pbtmned from contami- 
nated wells, as pHjthymi&ie will be incorpo^ 
rated into replicating bactma; tiierefore, it is 
good practice to check the wells from nucrt^- 
ter plates under an inverted microscope for 
contamination. Contamination may also inter- 
fere with proliferation of the activated lympho- 
cytes. 

It is also useful to check for blast formation 
by microscopic exanunation of (he cultures: 
activated lymphocytes will tend to enlarge, and 
detection of blasts vriU give a general indication 
of successful activation. 

The main problem that may occur with pro- 
liferative response assays is lughlevclsofback- 
ground pH]thyinidine incorporation in control 
cultures without antigens. This problem is fre- 
quently due to the fetal calf serum (PCS) used 
to suH>lement the cultures, which may be mi- 
togenic for B cells • Different lots of FCS should 
be screened to select those that are nonstimula- 
tory or only weakly stimulatory in Hat absence 
of otiier stimuli, and that support strong jmlif- 
erative responses upon antigeruc stimulation of 
Tcells. 

If flat-bottom microtiter plates are used in 
the procedure and weak responses occur, it 
may be useful to switch to round-bottom 
plates. Our laboratory has found consistentiy 
better responses in round-bottom plates when 
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thymocytes arc used as responder cells or 
with slight alloantigenic differences between 
responding and stimulating cells. In addition, 
antibody-mediated experiments yield better 
results with round-bottom plates. Presum- 
ably, this reflects better cell conUct obtained 
in such plates; optimal responses will almost 
certainly occur at different cell numbers than 
in flat-bottom plates and densities will have 
to be adjusted accordingly. 

Although satisfactory responses to most al- 
loantigens can be obtained with complete 
RPMI- 1 0 medi urn, it may be necessary to com- 
pare different media. This need arises when the 
proliferative responses are weak Ci-c, when 
pHJthymidinc values for activated cultures are 
<10-fold higher than those fOTcontrol cultures) 
and may occur under various dicumstanccs: 
weak aUoantigenic differences between re- 
sponder and stimulator cells, we^ T ccD |ho- 
liferative function in die responder cells 
diminished APCfunctionin die sfimulatorcells 
due to experimental manipulations, or a low 
precursor ftequcncy of responding T cells. 
Thymocytes in particular do not contain a high 
level of responding T cells. Frequently, prolif- 
eration can be improved when conyletc Clicks 
or Dulbeccos media are used (with additives as 
described to APFESDiXi), presumably because 
these media contain additional nutrients and 
have an osmolarity more compatible wifli 
mouse serum than RPML 

When RPMI is used as medium, 5% CO2 
wiU be sufficient, but for otiier media, a 15% 
CO2 concentration in the tocubator wifl be 
more satisfactory. GeneraUy. the buffering ca- 
pacity of DMEM is insufBcient at 5%, but fine 
at 7.5%. Much will also depend on the prolif- 
erative activity of the responding population of 
T cells (e.g., vigorous proliferation will reduce 
the pH m &e cultures); it is flierefore recom- 
mended to compare responsiveness to initial 
pilot experiments in incubatos set at different 
CQ2 concentrations. 

The culture period required for stunula- 
tion--after which die ceUs are to be labeled— 
varies for different laboratories, media, and 
types of rcspondtog and stimulator cells. Con- 
ditions eUciting weak responses, such as fliose 
obtatoed with thymocytes oraweak alloantige- 
nic difference, wiU require a longer culture 
period (5 to 6 days) than those which elicit a 
higher frequency of responding T cefls (3 to 4 
days). Because laboratray conditions vary, it 
win be necessary to run a kmetic assay to 
detcrmtoe die optimal time for T cell prolifer- 
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ation. Addition of [?H] tiiymidtoe on days 2. 3, 
4, 5, and 6 wiU provide a useful test; further 
extension of die culture period will not yield 
any improvements, due to exhaustion of nutri- 
ents in the medium. 

Anticipated Results 

Fbr proliferative assays desaibed in the 
basic protocol, which activate the majority of 
the responding T cells, responses of 100,000 
cpn should be obtatoed; to tiieML^ or follow- 
ing activation with monoclonal antibodies to 
subpopulations of T cells (anti-VP). responses 
up to 100,000 cpm may be obsorvcd; however, 
measurwncnts of 20,000 qpm (widi tight stan- 
dard errors) can be quite satisfactory. Back- 
ground values of <1000 qrai should be ex- 
pected. Reported results (as described in step 
9a) should be mean cpm of experimental weUs 
minus background cpm (A cpm). 

lime CoBsideratioiis 

The time required to set up proliferative 
assays is not mwe than a day, with the number 
of hours depending on fiic number of diffimnt 
groups of lespondexcells that must be prepared. 
The time requiJed for mcubation of cells ranges 
from 2 to 6 days, as noted dK>ve in critical 
parameters. Following an additional 18- to 24- 
hr mcubation period for pulstog, harvesting the 
cells and measuring ciwn will require sevoal 
hours depending on the number of plates (-15 
min for harvesting each plate and -100 mm for 
counting eaA plate at 1 min/san^>le). 

Literature Qted 

Ashwell, JJ?., DcFranco, Ai-., Paul, W£., and 
Schwartz, RH. 1984. Antigen presentation by 
restmg B cells: Radiosensitivity of the antigen- 
piesei^on function and two distinct patiiways 
of T cell activaticHi J, Exp, Med. 159:861-869. 

Guntcr, K.C, Malck, TJt , and Shevach. RM 1984. 
T cdl activating properties of an anti-Thy-1 
monoclonal antibody: Possible analogy to 
OKT3/ Lcu-4. /. Exp, Med 159:716-730, 

Haihcock, K.S., D J4.. and Hoder, RJ. 1989. 
Activation of Lyt2* (CD8^ and Lyt2"(CD4*) T 
cell subsets by anti-recq>tor antibody. J. *n- 
munoL 142:2181.2186. 

Jenkins, KLK., Chen, C, Jung. G,. Mueller, DJ-., 
and Schwartz, R.H. 1990. Inhitttion of antigen- 
spedfic proliferation of type 1 murine T ceH 
clones after stimulation with immobilized anti- 
CD3 monoclonal antibody. J. ImmmioL 144:16- 
22. 

Marrack, P. and Kappler. J. 1989. The staphylococ- 
cal entcTOtoxuis and their relatives. Science 
248:705-711, 



Cnntat Protocols in Imnmnology 



Staerz, U.D. and Bevan, M J. 1986, Activation of 
resting Tlymphocyies by a monoclonal antibody 
directed against an allotypic detenninant on the 
T cell recq>tor. Eun J. Immunol 16:263-268. 

Key References 

Conadin. G.. EOingcr, HJ4., and Onller, M. 1977. 
Lymphocyte specificity to protein antigens. I. 
Oiaractcrization of the antigen-induced in vitro 
T cell dependent prolifCTative response with 
lymph node cdls from primed mice. / Immunol 
119:1048-1055. 

Rosenwasser.LJ.andRosendialA.S. 1978,Adher. 
ent cell function in murine T lyitq)hocytc antigen 
recognition. L A macrophage-dcpcndent T ceill 
proliferation assay in the moose. J. Immunol 
120:1991-1998. 
Both cfthe above describe haw spedfic proUfera- 
Hon ofandgen-primed T cells can be measured. 



Strong, DJ4., Ahmed, A. A., Thurman, G.B., and 
Sell, K.W, 1973. In vitro stimulation of murine 
spleen cells using a microculture system and a 
multiple automated sample harvester. /. Im- 
munol Methods 2:279-287 . 

Details the MLC pwUferaiion assay. 



Contributed by Ada M. Kniisbeek 
Netherlands Cancer Institute 
Amsterdam* The Ketherhnds 



Etban Shevach 

National Institute of Allergy and 

Infectious Diseases 
Bethesda, Maryland 



ProliferatiTe 
Assays for TCeD 
Function 

3.12.14 

Cluxent Protocols in Immunoiogy 



LOOKING AHEAD 

Dendritic cells are allowing scientists to overcome a 
longstanding obstacle to research in immunology by extending 
the playing field beyond antigens to immunogens and beyond 
models to pathogens that cause disease. 

The Dendritic Cell Advantage: 

New Focus For 
Immune-Based Therapies 



Summary 

Dendritic cells (DCs) provide a much eariier and antigen-specific means for 
manipulating the Immune response. The l)est-studied function of DCs Is to con- 
vert antigens into immunogens for T cells. The -DC advantage" entafls a myriad 
of functions, DCs are more than antigen-presenting cells; they are accessories 
or adjuvants or catalysts for triggering and controlling immunity. Another special 
feature of DCs is their location and movement in the tKxly; DCs are stationed at 
surfaces where antigens gain access to the body. The events that make up the 
life history of DCs are now being unraveled in molecular tenms. As research on 
DCs expands, more potential functions and more sites for their manipulation are 
becoming apparent. 02000 frous science. M riphts reserved, ^ 



by Ralph M. SUinman 



The focus of immune therapeutics 
has been on lymphocytes, the 
cellular mediators of immunity, 
and the suppression of lymphocyte 
function. The drug ciclosporin (cyclo- 
sporine) is an excellent and successful 
example. However, medicine needs 
therapies that enhance immunity or 
resistance to infections and tumon;. 
Medicine also needs strategies, 
whether suppressive or enhancing, that 
ore specific to the disease-causing 
stimulus or antigen. In contrast to lym- 
phocytes, dendritic cells (TX:s) provide 
a much earlier and anligcn-specific 
means for manipulating the immune 
response. E)Cs capture antigens and 
then initiate and control the activities 
of lymphocytes, including the develop- 
ment of resistance lo infections and 
mnrwrs (reviewed in references 1-3). 
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The controlling role of DCs is best 
known for thymus-depcndcnt lympho- 
cytes or T cells which are important in 
many diseases, the most poignant 
being the AIDS epidemic (Table I). 
DCs were identified in a few laborato- 
ries that were focusing on the induction 
of immunity from nesting T cells. It 
was noted that immune tissues (spleen, 
lymph nodes, lymph, blood) had a 
small fraction of cells with unasual 



"tree-like" or "dendritic" processes. 
These distinctive cells had not been 
rea>gni7.ed previously and they proved 
lo have distinct functions. Mast impor- 
tantly, DCs were potent inducers of 
immunity even in animals, not just the 
test tube, and now even in patients 
(reviewed in references 1-3). 

The DC field was held back by the 
fact that there were so few cells nslative 
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TABLE I: HUMAN DISEASES THAT INVOLVE T CELLS 



Rejection of organ transplants and graft-vs.-host disease in bone marrow transplantation 

• Resistance to many infections inciuding vatxiine design 

• Vaccines against tumors and immune therapies for existing tumors 

• Allergy 

\ Autoimmune diseases tike insulin<iependem Quvenile) diabetes, multiple scierosis, 
fheiimatoid arthritis and psoriaste 



Antigen 



-> T-cell response 




Antigen 



dendritic ceOs 



T-cefl response 



(later shown to be MHC-pcplide com 
plexcs) bcconoe immunogenic when 
presented by DCs,"* In other words, M 
transplantation antigens when present- 
cd on many ceil types are weak 
inimunogens, but on DCs they become 
powerful inducers of immunity.'* The Hj 
same is true of peptides that become ■ 
much more immunogenic when pre- 
sented on DOi. OCs activate T cells by H 
getting them to divide and express their |P 
helper and killer funedons. Then the 
activated T cells interact with other 
antigen-presenting cells to eliminate Hj 
the antigen in question. DCs are also 
called **nature*s adjuvant," because 
prior adjuvants were artificial sub-l 
stances used to enhance immunity. 1Tic | 
DC advantage entails a myriad of func- 
tions, son^e of which will be consid- 
ered below. 



Ra 1 A key function of dendritic cells. Antigens vritWn tumors. ^spla"ts^ Jit^ 
Snte n^tolSTpresented t>y DCs to become immunogens. i.e.. to make Tcelte begin to 
g^ and exhibH their helper and kilter functions. 



to other players in the immune system 
such as B cells, T cells and 
macrophages. In reality, DCs are quite 
abundant for the job they have to do, 
namely, to initiate immune responses 
from antigen-specific T cells. In 
immune system organs like lymph 
nodes, DCs form an extensive network 
throughout Utc T cell-rich regioas and 
physically outnumber any given anti- 
gen-reactive T cell by at least 1 00 to 1 . 
The DC field was also held back 
because many thought that the cells 
were no different from macrophages, 
thus keeping investigators from work- 
ing on the active DCs. Jn reality, DCs 
were identified on the basis of pn>- 
found dilTercnces from macrophages, 
and their many distinct properties and 
functions were only uncovered by sep- 
arating DCs from macrophages. 

The best-studied function of DCs is 
to convert antigens into immunogens 
for T cells. The antigen receptors on T 
cells do not focus on intact proteins in 
micmbes and tumors, but instead rec- 
o"ni:£C fragmented or processed pro- 
teins, that is, peptides. The processing 
of pmlein antigens into peptides occurs 
within cells, and then the peptides are 
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displayed or presented at the cell sur- 
face affixed to products of the major 
histocompatibility complex (MHC). 
The ensuing interaction between a T- 
cell receptee- (TCR) and its specific 
MHC-pepddc complex allows a T cell 
to detect peptides formed within cells 
in transplants, tumors, sites of infection 
and self tissues attacked during 
autoimmune disease (Table I). 
"Antigens" refers to specific sub- 
.stances rccogni7.ed by the immune sys- 
tem, while *immunogens" refers to 
antigens that effectively induce 
responses either by themselves or 
together with enhancing materials 
called "adjuvants." For T cells in par- 
ticular, antigens and immunogens arc 
not one and the same (Fig. I). Even 
preproccssed pejAides and MHC-i^ep- 
tide complexes arc weak immunogens. 
This was evident early on in the work 
of Peter Medawar, the great scientist 
who disa>vered the immune basis of 
transplantation. He spent many years 
trying to purify functioning transplan- 
tation antigens. These efforts were to 
little avail. 

What was not known in Medawar's 
time is that transplantation antigens 



Potency of dendritic cells 
in initiating immunity 
in tissue culture 

What are some specific features of 
DCs that warrant attention? The first is I 
their potency. Very small numbers of | 
DCs are sufficient to trijgger sm)ng T- 
cell responses in test tubes. Immune 
assays are generally carried out with I 
impure antigen-presenting cells, 1 
applied at a dose of one presenting cell 
for every T cell, the latter often prcac- 1 
tivated. In contrast roughly one DC: 1 
per 30-100 T cells is more than suffi- 
cient to induce optimal respon.scs, 
including responses by resting T cells. 
A single DC can simultaneously acti- 
vate 10-20 T cells nestled within its 
sheet-like processes. Therefore, IXTs 
arc more than antigen-presenting cells; 
Uiey are accessories or adjuvants or 
catalysts for triggering and conlrolling 
immunity. 

It has always been clear that the 
accessory function of DCs did not 
depend exclusively on their capacity to 
process antigens to form MHC-ix^p- 
tidc complexai. This is because the 
stimuli that were used to define ihc 
potency and immune-activating n>lc of 
DCs did not require that the IX's 
process an applied antigen. Such stim- 
uli included major transplantation anli- 
gens, mitogens, contact allergens, anti- 



582 



r>nie News IVrepecl !3(Un. IXxcnihcv 2(KXI 



9 





T-cell antibodies and supcranrigens. 
Furthermore, once resting T cells were 
activated by DCs, the T cells respond- 
ed vigomusly to antigens presented by 
other cell types, showing that the latter 
were not deficient in fonning ligands 
for the antigen receptor on T cells, but 
instead lacked accessory properties. 

The word "accessory" has since 
been replaced by the terms /^profes- 
sional" and "co-stimulatory" but the 
basic conccpl is unchanged by shifting 
terminology. T cells need stimuJi other 
than their specific trigger or ligand 
(MHC-peptide cx)iTiplexes) to begin to 
grow and function, for example, lopn>- 
duce the inlericukins and killer mole- 
cules mentioned above. DCs are potent 
in providing the needed accessory or 
co-stimulatory functions. For example, 
DCsi produce an adhesion molecule 
called DC-STGN that binds to a taiget 
on resting T cells called and 
DCs express very high levels of a stim- 
ulatory molecule called CD86 that 
binds to CD28 on resting T cells.*^ 
These arc but two examples of the spe- 
cialized activities of DCs. These cells 
do not operate as a single magic bullet. 

I Position of dendritic cells 
in vivo 

Another special feature of DCs Ls 
[their location and movement in the 
body. As criteria were developed to 
identify DCs, it becan)e feasible to go 

(back into the animal and patient to look 
for the corresponding cells in different 
tissues, DCs are stationed at surfaces 

!v/hcrt antigens gain access to the body 
(Fig. 2, left). The skin and the airway 
have been the best studied. DCs are 
found in afferent lymphatic vessels, 

I special channels that allow cells to 
move from peripheral tissues to lym- 
phoid organs, primarily the T-cell areas 
I (Fig. 2, middle and right). This migra- 
I lion is most readily observed in models 
of skin transplantation and contact 
allergy, which are the two most powcr- 
I ful immune responses known. 

DC migration is likely to be very 
i impoitant. The body's pool of T cells 
[primarily traffics through the T-cell 
areas of lymph nodes, rather than 
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Fig. 2. Distribution of dendritic cells in siitu, DCs at body surfaces and In &oGd organs can 
pick up antigens, move to the lymphoid tissues to firxi antigerv-specific T cells and Initiate 
immunity. Molecular mechantsms are being uncovered that govern the mobilization, matu- 
ration, migratkm and mortality of these DCs, In the lymph node, T lymphocytes are select- 
ed for expansion and differentiation into helper and kilter T cetts. The activated T cells then 
leave the lymph node to return to the body surface or peripheral organ to eliminate the anti- 
gen. 



through tissues where antigens arc usu- 
ally deposited. So when DCs capture 
antigeas in the skin, airway or anodier 
peripheral tissue, their migration to the 
T-cell areas gives them a chance to 
select ihc corresponding rare specific T 
cells from the as.semb]cd repertoire 
(Fig, 2). The selected T cells then 
increase in number?; (clonal expansion) 
and function, enabling the specific 
immune response to begin. The initial 
frequency of T cells that recognize an 
antigen is very small. Only one in 
10,000-100,000 of Tcelis in the reper- 
toire responds to a specific MHC-pep- 
tide complex. Therefore, it is so precise 
and efficient for DCs to be able to pick 
up an antigen in the periphery and then 
initiate the immune response from rare 
T-cell clones in lymphoid oi^ans. 

The evenu; that make up the life 
history of DCs (Figs. 2 and 3) arc now 
being unraveled in molecular terms. 
For example, scientists arc figuring out 
how to expand aniigcn-capturing pre- 
cutsom to DCs using 1113 ligand and 
granulocyte colony-stimulating factor 
(G-CSF). Key players ibr the mobi- 
lization of DCs from ihe periphery to 
lymph nodes are the multidnag resis- 
tance receptor?;, usually studied, for 
their capacity to mediaie rcsi.stance to 
chemolhcrapeutic agents rather than 



movement of DCs. Migration of DCs 
is controlled by chcmokines produced 
in the lymphatic vessels and lymphoid 
oi^ans (Fig. 2). These act on DC 
chemokine receptors to orchestrate 
their movement to the T-cell areas. 
Then within the lymphoid tissue, sev- 
eral members of the tumor necnisis 
factor (TNF) and TNF-receptor fami- 
lies, such as TRANCE and CD40 lig- 
and, trigger DC production of 
cytokines like intcrlcukin- 12. The TNF 
family also maintains DC viabUity. 
Otherwise the cells die within a day or 
two. Each of these components of DC 
function provides targets for manipu- 
lating immunity. 

Priming of T-cell Immunity 
via dendritic cells 

Animal studies 

During the eariy research on DCs, 
several labs administered antigens to 
experimental animals and then tried to 
identify the cells that had captured the 
antigens in a form that was immuno- 
genic. Regardless of the route of anti- 
gen administration (blood, muscle, 
skin, intestine and airway); DCs were 
the major reservoir of immunogen. 
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: nmoenitors primarily ia the bone marrowi and this can be driven by 

of dendritic cells. DCs arise *'°^J^^^^^^^^;^^ which then give rise to iminature DCs. TT.G 



Next, DCs were used as nature's 
adjuvant to immunize animals. The 
DCs were taken from mice or rats, 
exposed to antigens ex vivo and inject- 
ed back into immunologically naive 
recipients. The animals became immu- 
ni7£d to the antigens that had been «»p- 
tured by the DCs. and the immuniza- 
tion took place in the lymph node.s 
draining the site of DCiiy^uor. 
Genetic pioof was provided that the 
DCs were priming the animal directly 
and not simply handing off their anu- 
gcn to other cells.'-* 

DC-based immunization is really 
very different from all prior attempts at 
cell therapy. Immunology has had 
extensive experience with "passive 
immunization." whereby a recipient is 
given laige numbcre of cells that are 
Luvated prior to injection. It is hard to 
produce such large numbers of cells, 
and tiicir lifespan, diversity and effica- 
cy are all finite. In contrast, when rela- 
tively small numbers of antigen- 
charged DCs are used to induce 
immunity, this produces "active immu- 
nization." Now the animals (and 
patienLs. see below) can make thctr 
own diveree and longer lasting 
immune response to the antigen-bear- 
ing DCs. 

Human Studies 

The above experiments made it 
clear that DCs. puLsed ex wVp wi* 
antigens, actively ""'"^^ 
and raised the cxciimg possibility that 
scientists would be able to induce resus- 
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— -alls as adiuvants for enhancing immuntty to tumors and infec- wm 

*• ^ "ilS^T^r^loST^ne therapy begins with the isolation of DC^ 



tance to tumors, infections and trans- 
plants in patients. For example, could 
one expose patients' DCs « vfv« to 
antigens in their tumors and Uien rein- 
fiLse the antigen-bearing DCs to elicit 
nimor-specific immunity (Fig. 4)7 This 
approach is actually not teiribly com- 
plicated, but one first had to overcome 
a major obstacle and Icam to generate 
large numbers of DCs. The.se tech- 
niques became available in the 1990s. 
They have eneigi7«l the field and. 
accordingly, clinical trials- for the 
immunization of humans against can- 
cer have begun on most ainrinents. 



U is evident that DCs can serve as ( 
adjuvants fi)r humans, converting anti- 
gens into immunogens.''" Even in 
advanced cancer, immune rcspon.sesl 
already have been observed that arc' 
similar to or belter than immune 
responses obtained with other! 
approaches. However, this approach is| 
still in its preliminary stages, since a 
good deal of science remains to be 
developed. On the one hand, there arc 
critical unknowns in terms of overall 
DC biology. Many of the clinical stud- 
ies to date, for example, have over- 
looked key features that ctwld improve 
DC function, such as the need for DC:s 
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to be sufficiently mature (see below) to 
be effective in vivo. Also, DC biology 
has to be placed in the context of spe- 
cific tumors and pathogens and 
patients for DC-based therdpies to be 
optimized. 

To summarize and further illustrate 
the role of DCs in the ccmtext of human 
disease (Table I), consider the need to 
harness T cells to resist tumors and 
chronic infections. Protein antigens 
often arc known for a tumor-likc 
melanoma, or for a vims like HIV-I 
v/hose genetic sequence has been 
available for more than 15 years. 
However, this knowJedge about anti- 
gens from mclanonna and HIV-1 anti- 
gens remains to be converted into 
methods that provide better immuno- 
gens either for iimmme therapy of 
melanoma or for the design of HIV- 1 
vaccines. This is because some impor- 
tant facts of immunological life arc 
being overlooked. When antigens are 
injected, they also need to gain access 
to the right DCs to beconrw immuno- 
gens(Fig. I). 

Delivering antigens 
[to dendritic cells 

Broadly speaking, a central goal is 
to learn how to deliver or 'target" anti- 
I gens to DCs and simultaneoasly to dif- 
I fercntiatc or "mature" the cells to their 
most potent state. These two cfaal- 
Jenges, antigen targeting and DC mat- 
{ uration, prove to be intertwined. 

Targeting means that the antigen 
I should be in a form that the DCs can 
recognize. Without such recognition, 
the uptake and subsequent processing 
of antigen to form MHC-peptide com- 
I plexes is suboptimal. DCs have a num- 
I ber of special mechanisms for captur- 
ing antigens and converting these into 
MHC-peptide complexes (Table II). 
For example, DCs have a receptor 
called DEC-205 whose binding part- 
nere or ligands arc still unknown. 
Nonetheless, it is clear that DEC.205 
^ greatly increases the capacity of DCs 
to form MHC-peptide complex^." 
DCs also carry out a fascinating 
! process called "cross-presenution." 
DCs can take up dying cc\h and effi- 



TABLE It- DENDRITIC CELL SPECIALIZATION TO INCREASE MHC-PEPTIDE 
COMPLEX FORMATION " 

• Receptors for antigen uptake, e.g.. DEC-205 

• Processing of dying cells, nonrepUcating miaobes and immune complexes onto MHC class 
I f cross-presentation'') 

• Regulation of antigen processing by maturation stimuli 

• Clustering of T-cell receptor ligands with co^mulators like CP86 



ciently extract peptides from them, so 
antigens "cross" from the dying cell to 
the DC. The discovered of this phe- 
nomenon called it **resurrecting the 
dead.'**- Cross-presentation allows 
DCs to efficiently forni MHC-i)eptide 
complexes from dead cells in tumors, 
transplants and tissues under autoim- 
mune attack. 

Special uptake and processing 
mechanisms allow DCs to tailor a pro- 
tein antigen, as well as the proteins in 
a complex microbe or uimor cell, into, 
peptides that bind to an individual's 
IVIHC products. The latter are excq)- 
tionally polymorphic, differing geneti- 
cally from one individual to another: 
As a result, the relevant immuniang 
peptides differ from one individual to 
anotfier. One reason why peptides are 
not ideal immunogens is that they must 
be individualized. DCs, in contrast, can 
oqHure andgens with high efficiency 
and likewise extract peptides that are 
relevant for any individual. 

A second DC advantage is that 
these cells have the many required 
accessory or co-stimulatory properties 
for converting the selected peptides 
("antigcas*') into cITeclive immuno- 
gens. A third DC advantage is that 
these cells position themselves in a 
way that leads to the identification of 
rare antigen-reactive T lymphocytes in 
vivo (Fig. 2). DCs thus overcome many 
of the difficult obstacles in initiating 
immunity. 

In oixier for an antigen to be a 
strong immunogen, one needs to pro- 
vide a stimulus for die final difTcrenti- 
ation or maturation of the DCs (Rg. 3), 
Most DCs in the body arc in an inima. 
ture state and lack many features that 
lead to a strong T-cell response. 



Immature DCs for example, lack the 
CD86 and CD40 molecules that great- 
ly boost the DC-T cell interaction. 
Immature DCs also lack a chemokine 
receptor called CCR7 that seems very 
important for proper migration and 
homing to lymph nodes to start immu- 
nity. For cancer immunology, it is 
unlikely that tumors provide matura- 
tion stimuli. Tumors may even block 
DC maturation induced by other stim- 
uli. Tterefore it is important to learn 
how to deliver tumor cells to DCs and 
bypass the normal obstacles to effec- , 
tive antitumor immunity. 

Surprising recent evidence actually 
links DC maturation to the efficient 
formation of MHC-peptide complexes 
or TCR ligands (Table U).- Immature 
DCs take up antigens, but they do not 
make abundant MHC-peptide com- 
plexes until they receive a maturation 
stimulus.'^'** Maturation also up-regu- 
lates CD86 co-stimulators, but the 
CD86 ^tually travels togedia- with the 
TCR ligands to the surface of the DCs. 
At die DC surface, the MHC molecules 
and CD86 remain clustered with each 
other, keeping the machinery for T-cell 
activation juxtapasai. This phencnne- 
non will help explain the potency of 
DCs, because TCR ligands and co- 
stimulators are displayed together on 
the cell surface and in high levels. 

Control points beyond 
antigen targeting and 
maturation of DCs 

Research on DCs is moving more 
vigorously, because the cells are nrore 
readily available and because their role 
in the immune system Is considered 
essential. Nonetheless, researchers in 
this field arc just beginning to find 
ways to manipulate DCs in situ. 
Putting together an antigen that targets 
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to DCs with a slitnulus for DC maluna- 
tion will be a major step in improving 
the conversion of antigens into 
immunogcns. as in immune-based 
therapies against tumois and infectious 
agents. 

Addirional challenges and ques; 
tions are evident: 

• How can DC numbers be increased 
in situ and how can active DCs be 
mobilized to a cancer or site of 
chronic infection? 

• Can DCs induce strong immune 
mcmoiy to make vaccination long 
lasting and effective (we have only 
been reviewing the role of DCs in the 
initiation of immunity)? 

• Can DCs change the quality of the 
immune response? "Qualiiy" refe« 
,0 recent evidence for different types 
of DCs, especially a subset that 
induces ThI-type T ceils for resis- 
tance to infectious agents and stnwg 
memory. 

• Is it possible to move beyond DC- 
based immunization experiments 
and use DCs to either regulate or 
tolerize the immune system, as lie- 
quently required in transplantation 
and autoimmune diseases? 

• Can DCs innuence elements of the 
immune system other than T cells; 
for example. B cells and the innate 
defenses provided by natural kUler 
(NK) and NK-T cells? 

The answer to all these questions is 
a preliminary '•yes.'* As research on 
DCs expands, more potential functioas 
and more sites for their manipulation 
are becoming apparent 

Dendritic cells and better 
control of disease 

DCs provide important avenues lor 
the investigation of human disease. 
Many labs are exploiting DCs to iden- 
tify antigens relevant for immumty 
against human pathogens. In tiiesc 
experiments, one introduces complex 
but clinically important antigens to 
DCs and then identifies which compo- 
henls are best pre-sentcd to the immune 
sv.stcm. We have recently used this 
approach lo identify previously un- 
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known immune responses lo the 
Epstein-Barr virus.'^ a virus we all 
carry that has the potential lo cause 
cancer like Hodgkin's lymphoma. 
Other laboratories have been using 
DCs to identify new antigens in other 
infectious agents, in transplants and in 
cancers like melanoma. 

Investigatore are also manipulating 
DCs ex vivo and then reinfusing the 
cells to identify conditions leading to 
strong immunity in patients (Rg. 4). In 
particular, DC-mediated active immu- 
niTKition against cancer is being vigor- 
ously pureued. as mentioned above. 
Instead of manipulating DCs ex vivo, a 
mt>ro desirable goal would be able to 
alter DCs directly in situ. Some 
approaches arc under way. An example 
is ti« iiijection of cytokines like flt3 
ligand and G-CSF to mobilize various 
precursor populatioi?s of DCs. One 
should also develop methods to control 
DC mobili7ation, migration sM matu- 
ration. In sum, DCs are allowing sci- 
enti.sis to overcome a longstonding 
obstacle to research in immunology by 
extending ti»e playing field beyond 
antigens to immunogcns and beyond 
models to pathogens that cause dis- 
ease. 
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Coexpression of two distinct genes is required to generate secreted 
bioactive cytotoxic lymphocyte maturation factor 

NI07U0 

Communicated b, John J. Bums. Ftbnmy 4, 1991 

ARCTRACT Cytotoxic lymphocyte nuturatkn toctor 
fciSSba dtauWde-bonded heterodlmerfc iympboldne ttat 
- gn.wS r«tor for «tlv.t«i T cdb todep«.d«t of 

ZTa taterieukin 2 to toduce ^'^^'^'^^ 
We now wport the doning and opwsaon of both h™ 

S^"b^^NA« . lymphobtostoU B^efl H-^ 

^liLtoCOScdUfaDecWfortheaecMflonofbfc*^^ 
!hWXMF- cos ceUs transfccted with either submilt d)NA 
^S^S'^mtTbto-ctive CLME. RecomWnant CLMF 

^^3edbymoiioctai-l«iitibodle«pi*p»red.^ 
CLMS ShicethfahetetwUineiteprotetodlspbystheproperto 
SfiTfaS^. we propose that CUdF be given the d«ag. 

nation faterfcukta 12. 

The molecular cloning and expression of recombinant cyto- 
haTZde po Jble both significant advances in our 
uSSSdiTof ^he molecular basis of immune respom.es 
and tnevdopment of new approaches to the t«ato«|t rf 
dSa« states As an example, recombimmt mterieutan 2 
oSbinant IL-J) has been shown to be capable of causmg 
Session of esublished tumors in both expenmental^- 
m^(l) and in man (2); however, its climcal use has been 
S^SeTwith signfficant toxicity (2) One potent«l ap- 
prS^to impn,ving the the«peutic f^^^l^^ 
cytokines is to use them m corabmaUon (3, 4). With this 
SwSTin mind, we initiated a search for novel cytotanes 
S^ou^d syneiize with suboptimal concentrauons of re- 
* mbtoSt IlxTS activate cytotoxic lymphocytes to 
and thus might have syneigisOc mmun«)enhancing effeOs 
when adnSristered together with recombinant IL-2 m vivo. 

to the identification of a factor, designated cytotoxic 
iS'toc^n^t""^"' factor (CLMF). that »yneij««d wiU, 
Sbinwit IL.2 to facilitate the generation of both cytolytic 
rShocytts (CTL8) »nd lymphokine-activated killer 
7laIO odls viVn. (5. 6). CLMF was subsequenUy punfied 

Sc-37) «id was shown to be a 75-kDa disutfide-bonded 
hete«S^mer composed of two subunits with moIecuUr 
mm« of 40 kDa and 35 kDa (7).!^We now report the 
molecular cloning and expression of CLMF. 

The wblicrtion COM of tte artick were defrayed to pa^ 
Bl^ntTWr«ticle mial Cheiefoie be hereby maiked "<uhertl«me^ 
SfS«2e X« U.S.C H734 «Wy to Wide this feet. 



MATERULS AND METHODS 

cDNA OoDtaig. A subline of NC-37 ceUs selected for Its 
ability to produce high levels of CLMF (7), NC37.98. was 
induced with i*orbol 12-myristate 13.«cetate (PMA) and 
calcium ionophore A23187 lor 16 hr. Foly(A)+ RNA was 
isolated, and random hexamer-primed cDNA libraries were 
estabtished in phage AgtlO by standard procedures. Mixed- 
piimer polymerase chain reaction (PGR) using controUed 
ramp times (8) was performed as follows. PGR pnmers 
contained aU possible codons and were 14 or 15 nucleotides 
long (Fig. 1) with a 5' extension of 9 nucleotides containing 
an £coRI site for subctoning. Degeneracies varied (hmn 1 in 
32 to 1 in 4096; 0.5-4 pmd per permutation «rf forward and 
reverse primer was used in a 50- to 100-m1 PCR mixture with 
40 ng of cDNA made from NC-37.98 ceUs that had been 
activated by culture with 10 ng of PMA and 25 ng of calaum 
ionophore A23187 per ml for 16 hr (40-kpa subunit) or with 
3 ug of human genomic DNA (35-kDa subumt). PCR cydipg 
p^metera were as follows. Initial denaturation waa at9rC 
for 7 min. Low-stringency anneaUng was performed by 
cooling to 37°C over 2 min, incubating 2 min at 37°C, heating 
to 7rC over 2.5 min. extending at 72^ for 1.5 min. he«tog 
to 95*X; over 1 min. and denaturing at 95X:for 1 mm. This 
cycle was repeated once. Thirty standard cycles (4McDa 
subunit) or 40 standard cycles (35-1^ subunit) were per- 
formed as follows: 95X1 for 1 min. 55^ for 2 min. and TTC 
for 2 min. Final extension was at 72°C for 10 mm. Amph- 
cons" of the expected size were gel-purified, subcloned. and 
sequenced. The 40-kDa subunit cDNAs were wotetpd by 
hybridizing the 54-mer amplicon in 5 x SSC (ix SSC - 0^ 
M Naa/0.015 M sodium citrate. pH 7) contaimng 20% 
formamide at yrC overnight. Filters were wshedin 2x SSC 
at 42°C for 30 min and exposed to x-ray film. The 35-kDa 
subunit cDNAs were isoUted by hybridizing the 51-iner 
amplicon in 5x SSC/20% formamide at 37^: ovenught. The 
filters were washed in 2x SSC at 40^ for 30 min and exposed 
to xw film. Positive clones were plaque-purified, their 
inserts were, subcloned into the pBtaescript plasmid. and 
their sequences were determined by using Sequenase. 

Enwessioa. cDNAs were sepanuely engineered for expres- 
sion in vectors containing the simian vims 40 early promote 
essentially as described (9). COS cells were transfected with 
both CLMF subunit expression plasmids mixed together or 

Abbreviations: CLMF, cytotoxic lymphocyte inaftOTlioiifactor. 
^MPu^nCLMF. recombinant and natuial CLMFs; CTL. cy 
S^Sl T^SStt CTterleukin: LAK. lympbokine^tWat^ 
Stof PlX WSmailutlata: PMA. .pborbol mnyristUe 13- 
JSitate: 0. ilaSnJ; PCR. polymen^ 
iTo whom reprint requests should he addressed. 
n*e CDNA sSoence. rewirted in ««« Wer ta« b«ndgo^ 
the Oenbank data base taecesjJoo nos. MM443 OS^dJa CLMF 
Mbunit) and M38444 (404(Da CLMF subunit)). 
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51 KIXJKARQTLE FYPCTSEEID HEDITKDKTS TVEACLPLEL TKNESCliiSR 

101 ETSFITNGSC lASEKTSFMM ALCLSSIYED UO^QVEFKI HNAKUiOPK 

151 mri^^ AVIDEUIQAL KFNSETVPQK SSLEEPDm TKIKI^ILUi 

201 AFRIRAVTXD RVTSYLNAS 



1 KCHQQLVISW 

51 DTPEEDGITW' 

101 IXIXHKKEDG 

151 DLTFSVKSSR 

201 AAEESLPXEV 

251 QVEVSWEYPD 

301 RKNASISVRA 



TLDQSSEVLG 
IWSTDIIiOXJ 
GSSDPQGVTC 
MVDAVHKliOf 
TWSTPHSYFS 
QDRWSSSWS 
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SGKTLTIQVK 
KEPKNKTFLR 

gaatlsaerv 
envtssffir 

LTFCVQVQGK 
EWASVPCS 



YWELDWYPD 
EFGDAGQYTC 
CEAKNYSG^ 
RGDNKEYEYS 
DIIKPDPPKH 
SKREKKDRVF 



APGEMWLTC 
UKGGEVLSHS 
TCWWLTTIST 
VECQEDSACP 
ijQLKPLKNSR 
TDKTSATVIC 
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of amplification. 

u e-.f%aratcly bv thc DEAE-dcxtran mediod. 

j" ».ntaced with medium contaimng 1% Nutn- 
ffloc^SS ^nheim). and supen«ta„t fluid* 

.ZZam 4«C until tested in the bioassays. 

^^J^ mSsT Standard moJecular biological proce- 
du^re uSt' .^scribed (10). CLMF bioas^ys we« 

P^^SSS^^^. Tic National Biomedical Research 

"p".:^"?SSrKc. break penalty of 6; see «f. 
11). 

RESULTS 

Partial N-tennimd amino acid sequemxs ^^^^ 
m were used to generate completely defined 51- to 
8ulMimt8(7)wercuaw » , ^y^^ by means of 

S pS^ese ^Ss^ere Jsrf to s<ieen cDNA 
mixed P"""^ ^^Afromlctivattd NC-37.98 cells, and 

dKcTSS uTt^/Xnits were isolated. a«» djar- 
cDNAs enMwme i« encode secreted protcms with a 
SShjXhoS^ N-.e.'^nal signal peptide imme^a^y 
fSS bV the N terminus of thc mature proton as deter- 
Sd by protein sequencing (7). TVo -dependent 

. - »h. ^icDa subunit were shown to be identical. 
RorJcidfthfmWio-kDa subunit that is compwed of 
?(S; JTinfLwlSatodated M, - 34.699) and contains 10 
22$.^«ridue$ Sifour potential N^inkcd glycosylation 

sites (Fig. 1). 'J""' ^ -urified 40-kDa CLMF subunit 



222 is glycosylated, whereas Asn-125 is not (Fig. 1; F. 
Podlaski, personal communication). TTie ™»^«J5.kDa sub- 
unit is composed of 197 amino acids (calcutet^ Mr= 22413). 
^i, 7 cysSnTiesidues and three Potential N-hnked rfyco; 
svStion sites (Fig. 1). When purified CLMF is reduced wift 
^mStolthat^l and amdyzed by SDS/PAGE. the 35-kDa 
subunit appears to be heterogeneous, suggestmg ftat A may 
hi teSvi^ gSwsylated (7). Two variants of 35-kDa subumt- 
J^cS were isotated. The first type had Ae 

ISuenS shown In Fig. 1. Additional isolates contained wh«a 
UprobaWy an allelkj variation, reptadng Thr-213 with a 
methionine resWue. _j.k-.«i.- 
Computer searches of sequence databases showed that the 
aminoacid sequences of the two subunite are not ttUrted to 
any known protein; The subunit sequences are also not 
reteted to each other, since a comparison using the m.ion 
SoOTn (11) gave a score of 1.27; only scores >3 are 
iSered to indteate significant evolutionary relationship 
na The genes encoding the subunita appear to be unique. 
rin« low- and high-stringency hybridizations of genomic 
Woto revealed Identical banding patterns (date not shown). 

A bl^showed the size of the 40.kpa subumt mlW A to 
kTj 4 kb whereas the 35-kDa subumt was encoded by a 
SVkb SiiSlirff'ig. 2). Expression of the two mRNAs 
eiicoding the subunits was cooidimitely regulated upon m- 
Sn(Fig. 2). When NC-37.98 cells were activated with 
PMA^ «Scimn ionophore for 72 hr. mRNA cm»ding each 
of the CLMF subunits was minimally detecttble at 6 hr s^r 
Se beginning of induction but was readily deterted at 24 hr 
«^ continued to accumulate until maximal leveU were 
^ch^ St Sir (normalized to OATOH leveU: see 

the lesend to Fig. 2). In contrast, the mRNA for IL-2 in 
aSivBtedNC-37*8 cells was already at high levels at 6 hr and 
SSSntiy decreased, whereas the mRNAs for tiie low- 
^nS^ IL-2 receptor (p55) followed the induction pattern 
S for U« S^subunits. Scanning of RNA blots also 
;^Su»t Steady-state mRNA levels for the 40-kDa 
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c - DMA blots showing the coordinate inductioii of Oie 
Ji'k. ?;i !^A«^mCUA¥ subunit inRNA. and IL-2 mRNA 

NC3% cenl S^^IO "« of PMA and 23 ng of c^J^ 
I:™. AM«7 rer ml wert loaded in each lane. Lane* from left 

indnction, «*P*^™^iVt^ after stripping and rebybriifiialioB 

n MF subunit were severalfoW higher than those for the 
subuS jessed by the same cells. Tto finding 
observation that activated NC-37 cells secrete 
^ffiS 4SSs!tanit protein C7). Hie 3' untransteted 
,^«fhXcLMF subunit mRNAs contain several 
^n^rf the SJmS^tif TTATltAT (date not shown) 
tZJ^Tw^ in oH»« transiently expressed 
^w^^J U invoW^i^ regulating mRNA stability (13). 
'^«SliJnT£r40Jcir«Kl 35-lcDa CLMF subu^ 
T.^^'^ITcM ceUs was required to generate secreted 
^SlfcIvSive ^JffCrable 1 and Fig. 3). COS cePs 
SSSS cDNA encoding either the 40.|cDa subumt 
Ae 35-kDa subunit alone did not secrete biotogiaUy 
itive" !Sf fSle 1). Mixing media conditioned by COS 
Tabic 1. Coexpresskm of both CLMF subunil 
active CLMF byCOSceib ; 
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cells that had been separately transfcctcd with one or the 
other of the two CLMF subunit cDNAs also did not give rise 
to bioactive CLMF (Table 1). 

Two types of assays were used to compare rCLMF and 
nCLMF The first assay measures the proliferation of phy- 
tohemagglulinin (PHA)-activatcd humim peripherBl blood 
lymphocytes, whereas the second assay evaluates the syn- 
cnty between CLMF and suboptimal concentrauons of IL-2 
in the gcneraUon of LAK cells in hydrocortisone-containing 
cultures (7). The dato in Fig. 3 show that rCLMF as expressed 
in COS ceUs and nCLMF as purified from NC-37 ceUs are 
essentially identical. Dose-response curves for rCLMF and 
nCLMF were supcrimposable in each of the two assays, and 
rCLMF was neutralized by a monoclonal antibody raised 
against nCLMF. Conditioned media from cultures of mock- 
ttansfectcd COS ccUs displayed no acUvity in these assays 
(Table 1 and data not shown). 

DISCUSSION 

In a previous report (7), we described the piirification of a 
heterodimcric cytctoie, CLMF. that sywrgiwd with low 
amounts of IL-2 to cause the generation of LAK ceUs m the 
presence of hydrocortisone and stimulated the prolifcraUon 
of activated T cells independent of IL-2, In the present 
reooit, we have used the N-terminal amino acid sequence 
information previously obtained to clone the ^o subunit 
cDNAs of CLMF, Protein purification of NC-37 ceU Im^ 
derived CLMF had shovm that the protein was composed <rf 
two disulfide-bonded subunits with different N-ierminal 
amino acid sequences (7). However, itwasnotclearliromour 
previous results whether the two subunits were proc^sed 
from one common gene product and whether proteolytic 
posttranslaUonal processing other than signal peptide deav- 
age was occurring. The molecular cloning and sequencing.of 

cDNAi is required for lecreUon of biologically 
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d^td (7). Lynybobh^t proj^ra^^^ 

arrc^rcis^^ 

Cone,, concentration, 

•nCLMF is purified NC-37-denved CLMF. . . . ^ ^uivalcnt to a 1:20 final dUution of each 
tiao dflution of the 1:1 mixtiire of culture fluids A and B was equivalent to a i.zu «d« 

of the individual culture fluids. ^^.^ r*iu 

medium (CM) from cultures of mock U^isfected COS cclU. 
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Fio.3. Comparison of biok«ic«*yrt.«€f^F ^)«^ 
iccmMiant CuSf (KXMF. squares). 'Cl^J'^jy^J^ 
J^^iimdiliowil media: iCU^ was por^ 

^^aZ. rSlbaity of CLMF to stimulate <I>e proUfemtjon of 

A.^!^jAm CLMF ueparattons were mixed with neutralizuig rat 
^£^L&'mKbody4M(ref.7:op«.^^ 

SKrf tea?Ba^3wei» incubated for 30 mta at 37^ pnof to 

S« Oowert LAK ceO Inducttoo assay. Tlie abiluy of CLMF, atone 
n'^iSw^O^nwiTreeombin^ IL-2. to "l^e the »en«alk» of 
JSSctSitoSX cultuiM w assessed as described (7). Low-density 
««ioi^SoSlympUyte» were incuba^ 

t^rt^SnbtoSJ 7.5 unitt/ml. Unit, of CLMF «aivity 
wmtasJTSTp^u «i«n^ «n T<ell growth fi^ 
HtSS^^S^««*i»»»* (Sigma) was inehided at a conoen- 
SToTniM to minimize triggering of e«tog«ogs cywtane 
^LJ^Lwisrf»H:r^edIXuidieelbwMa8sessedtt 
SSjSorfJ=l- Thed.tashownr««s«Uthemeansrfquad™ 
SSinnLatioos. The spontaneous >k:r itlea^ 
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the corresponding cDNAs now has demonstrated that there 
is no common precursor for the two CLMF subunits; rather, 
they are encoded by completely different genes. The pre- 
dicted and actual amino acid composition for the two sub- 
units arc strikingly similar; differences in predicted versus 
actual molecular weighU are accounted for by glycosylation 
(F Podlaskip personal communication). Thus, the only m^or 
posttranslational proteolytic event that appears to take place 
in the maturation of the CLMF subunits is signal pepUde 

cleavage* «_ - • 

-nw kinetics of expression of the individual CLMF subumt 
mRNAs were examined and compared to the expression of 
mRN As for IL-2 and the IL-2 receptor p55. Previously it had 
been observed that NC-37 cells, like certain murine (14) and 
marmoset (15) B-ccU Unes. secreted IL-2 when activated 
(M K CunpubUshed results). RNA blots demonstrated that 
up<in iictivaUon of NC-S? ceUs, both CLMF subunit mRNAs 
were coordinalely induced with kinetics similar to the IL-2 
receptor (p55) mRNAs, On the other hand, IL-2 mRNA 
levels peaked much earlier. Similar differences in induction 
kinetics were also seen at the Icvd of IL.2 and CLMF 
bioactivity secreted from NC-37 ceDs (M.K.O., unpuWished 
dato) These kinetic differences are consistent with our 
previous observation that in a cytdytic lymphocyte re- 
sponse. IL-2 appears to act earlier than CLMF (5). 

Transfection studies with COS cells estabUshcd that only 
coexpression of both subunit cDN As gives rise to secreted 
bioactive CLMF, Thus, it appears that the two proteins have 
to interact within the endoplasmic reticuhim to assemble 
oroDcriy into bioacUve secreted CLMF. By comparing the 
activity trf rCLMF to that of nCILMF in the T-ceU growth 
factor and LAK cell induction assays (Fig. 3) and assunung 
that the specific activity of iCLMF U similar to that <tf 
nCLMF [8 x 10^ units/mg (7)], we estimate that the amount 
of jOMF hcterodirocr produced in these expermicnts was 
5-50 ng/ml. The finding that COS ceils, whidi are fibroblast- 
like cells, are able to assemble correcUy the two CLMh 
subunits to form bioactive CLMF indicates that this secretion 
and processing pattern is not limited to ceUs of the lymphoid 

^"'wwteni blot analysis using an anti-CLMF antibody spe- 
cific for the 40-kDa subunit has allowed confirmation that (0 
COS cells iransfectcd with both CLMF subunit cDNAs 
secrete CLMF with the expected hetcrodimcric structure and 
m COS cells transfccted with the 40-kDa subunit cDNA 
alone secrete that subumt (F. Podlaski, personal communi- 
cation). Since no bioactivity was detected in media wndi- 
tioned by COS cells tnmsfected with only the 4(WcDa subumt , 
that subunit by itself appears cither to have a much reducwJ 
specific activity compared with heterodimeric CLMF or to be 
completely inactive. 

Because of the lack of a bigh-affimty anUbody specific Ux 
the 35-kDa subunit, we have not yet been able to determine 
definitively whether COS cdls transfectcd with only the 
35-kDa subunit cDNA secrete that subunit. Since no bioac- 
tivity was detected in tiie media, secretion of a bK»ctivc 
35.kDa subumt by itself could be very inefficient; alterna- 
tively, similar to the 40-kDa subumt, die protein cowd be 
much less active or inactive ahogether. Intraj^ular 35-kI^ 
prouin in die absence of the other subumt could be mherentiy 
unstable; tiicre is precedence for this phenomenon, sinceit 
has been reported that 90% of die p chains <rflutropin (LH), 
when expressed in the absence of a chains. Jf 
endoplasmic reticulum and are slowly degraded (16). Simple 
mixing of media conditioned by COf^wUs trimsfwl^ 
arately witii citiier one of die two CLMF subumt cDN As d d 
not yield bioactive CLMF. One possible cxplanauon woiJd 
be that Uie cells do not secrete the 35.kDa CLMF subunit by 
itself. More likely, our experimental conditions did not aUow 
proper hcterodimcr formation. One would expect that only 
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.carefuUv controlled renaturation and oxidation conditions 
would ^low the disulfide bond formation required for gen- 
eration of bioactivc CLMF. J.,U. 
%orn«l human peripheral. blood brmphocytes^^^^^^ 
appropriate induction cond.twns produce both CLMF sub: 
uSit mRNAs and secrete the acUve protein (N.N. and 
M.K.G.. unpublished data). There is some evidence si^est- 
ttat CLMF is produced predominantly by B cells In 
preli^nary experimenU. B-ceU mitogens have appeared to 
K^mnmrfrective than T-ccU mitogens m ehciting CLMF 
J^u^of S pSpheral "ood lymphocyte (M K.a^ 
..^Wished results). When screening human cdl lines for 
Zr Sto t^roS^ce CLMF activity (7). we obse^ed that 
rf lines tested pnKluced CLMF after actn 

vXon widi PMA and calcium ionophore, whereas none of 
fiti^^n Unes produced CLMF. Nevertheless, three of 
;L«7S Ih^ secreted large amounts of IL-2 and tumor 
n^^J^ft^tor aS^ alter activation (M.K.G.. unpub- 
SsK L?Si^.natundk^^ 
Jwif QP? « heterodimeric cytokine similar or idenucal to 
?LM?wL ?sS S^m W'Kw lymphoW^^^^ 
nriAr^nt report 08) has indicated that B lynyhocytes 
S s^^te a c^SdnV) distinct from n,2 that aciUtates 
^s^cific cytolytic T-lymphocyte responses. It is possn 
k I^rt.«fm^F may have been the cytokine active in those . 
swdS SXCBIymphocyteshavenottradi^^^ 
bwn Wewed as cytokine-producing helper ceUs. i is coo- 
^?v«hle aTi CLMF production constitutes a novel mecha- 
^1 SterSv B iZphocytc* contribute to the amplification 

tivitiesffibed in this report. CLMF by itself has been 
.K«u« toactivate NK cells hi an 18-22 hr assay, (»/) to 
St?Se S«retioo of specific aUogjneic CTL re- 
and 0) to stimulate the secretion of r mteif«on by 
STAeri blood lymphocytes (M.K.O.. unpubhshed 
resS^ can also synecgize with low concentrations of 
-^SniotIL.2 in the latter two assays and in causuig the 
SS, i r^thl UphcnJ Wood lymphocytes. In 
?Knu Ji^u^on byTeriphenil blood lymphocyte and 
diveree actions on lymphoid cells, it appears that CUff 
SmiS^ WW interieukin. We propose that CLMF be 



Proc. Natl Acad. Sci. USA 88 {1991) 4147 

given the provisional designation lL-12. The availability oif 
recombinant CLMF will now make possible a broader and 
more detailed characterization of its biology. 
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Immuiiization With Melan-A Peptide-Pulsed Peripheral Blood 
Mononuclear Ceils Plus Recombinant Human Interleukin-ll 
Induces Clinical Activity and T-Cell Responses m 

Advanced Melanoma 

By Amy C. Peterson, Hdena HaHin, and TIkwiws F, 



Purpose : Preclinical studies .howed j}»"»Jf "J""'"*'" 
Jri.^riD heml blood mononuclear cells (PBMC) loaded 

duced CD8* T-cell re.pon«» ond "^.^.•^T, J'* 

cently determined that recombmant human (rh) IL-I i at 30 
tel 00 ng/kg U effecHve a* a vaccine adjuvant in patlentSjA 
oha*e n sVudy of immunixoHcn with Melan-A pepf.de- 
puUed PBMC + rhlL-12 v/a« conducted in 20 potienti with 

"^^iSS^.- HIA.A2-po.itive 
ond S documTntedM elon^ -ST"'?'' ''^'^*''^:^" 
^. performed every 3 week, with cHnKol 
IveryAree cycle.. Immune r«q>on«>. were meo.u«d by 
St^^befo«i and after treatment and though the 
Ar<» evde., and were correlated with cUnical outcome. 
"?eS^^X"« bod ««h«^dpriorth«py ondhad 
vi^Sl meta.taieL Nonelhele«, two patient, och^vwl o 

MOST MELANOMA tumors aqpnss antigens fliat can be 
recognized by CDS* T ceOs.'^ Nonetheless, tumors 
frequently escape immune destruction, either from a failure to 
generate an optimal tumor antigen-specific T-cell response or 
from development of resistance to the T-cell response mduced. 
One strategy to overcome Ac former hurdle is through active 
immunization, the opportunity for which has hcca fecjlitated by 
the molecular definition of melanoma antigens. Specific CDS 
T cells that are properly activated can home to tumor sites and 
kill nmior ceUs. to the extent to which they can overcome 
negative iramunoiegulatoiy pathways and hjmor resistance. 

The optimal immunization strategy for inducing tumor 
antigen-specific CDS* effector T ceUs in humans remams 
undefined. However, antigen-presenting cell-based strategies 
have shown promise. Both monocyte-derived" and boM mar- 
row-derived' dendritic ceUs (DCs) have been loaded wth 
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complete responM, five patient, achieved a m'mor or muced 
rewonM, and four porient. had stable diMOM. The median 
.uivhrai wo. MM month, for all patient, and vwm not yel 
reached for tha» with a normal loctote dehydrogencae. "Iheie 
v«fe no grade 3 or 4 loxicitle.. MeoMirement of H>edfi< C08* 
T-cell mtponws by direct eac vivo EUSpot revealed a ugnificcint 
inoeoM in inteiferoh gommo-produdng T cell. ogaiiMt 
Melan-A (P = .Ol'S) after vaccination, but net agaiiwt an 
Ep.tein-BaiT vbti. control peptide (P = .86). Thew wo* a 
cMnkition between the mogniiude «f the increoM in Mekm- 
A-medfic cell, and clinicd rcponse (P = .046). 

Concfuston r Thi. immunixation approach may be more 
straightforward than dendriHc cell .trategie. and Menu 
to have clinical octhfity that can be correlated to a biologic 

*"/ Sir**OneoJ 2Ir2342-234«. C 2003 by American 
Sotiety ot Clinical Oncology.-, 

melanoma tumor antigens and adnninistned in the advanced- 
disease setting, with evidence for immunization and tumor 
regression in subsets of patients. However, DCs are cumbersome 
to generate and alternative approaches that are more str^gjitfbr- 
ward yet equally as effective would be useful One cofiactor 
produced by DCs that contributes to their efficacy is interlcu- 
kin-12 (IL-12), whicb facilitates die induction of interferon 
gamma (IFN-y)-i)ioducing cytolytic effector cells.*-'"* Endoge- 
nous IL-12 seems necessary for optimal rqection of inununo- 
gcnic murine tumors"-" and provision of exogenous IL-12, 
either alone" or combined wiUi tumor antigen-based vac- 
cines,''^" can induce rejection of pre-established tamors m 
murine models. We previously have shown that coadministr^n 
of in 2 with peripheral blood mononuclear cells (PBMCs) 
loaded with tumor antigen peptides induced specific cytolytic 
T-lyraphocyte responses and tumor iMotection in mice, circum- 
venting die need to generate dendritic ceUs.*" The ease by which 
PBMC can be isolated fran patients has made Oris an attractive 
^loach for clinical translation. We recentiy conducted a phase 
I clinical study to determine the dose of recombinant human (ih) 
IL-12 necessary to induce T-cell responses in combination with 
antigen-loaded PBMCs, and found Aat doses fixMn 30 to 100 
ng/kg administered subcutaneoualy (sc) at tiie vaccine site were 
optimal and weU tolerated.*' The effective range of doses 
indicated that a straigjit dose of 4 /ig might be used. 

In this article, we describe results of a phase H clinical study 
of immunization with Melan-AAMART-l' peptidei)ulsed autol- 
ogous PBMCs + iWL-12 in HLA-A2-positive patients with 
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MEIAN-A + IL-1 2 VACONE FOR MELANOMA 

advanced melanoma. Immune responses were analyzed using a 
direct ex vivo ELISpot assay. We show that this vaccme 
approach had clinical activity and that the magnitude of m- 
creased T-cell response correlated with clinical outcome. 

PATIENTS AND METHODS 

Patient Enrollment and Eligibility 

n,i8 was an open-labd, noiiraidomize4 smgle-ii»«itution study of 
Mdal-A vcf^dci^ auU,log«us PBMCs + rhIL-12.- P^'"^ 
^^l^^ Umversity of Chic^ 

oaiients signed written inf«med consent P.t.enB Mrho were bofl. HLA-A2- 
E showed Melan-A wmor expression by .evetse tnuBcnpttjse 
j:^^^ch.in reaction (RT-PCR) were 

tioT inclusion criteria were life expecttncy more than '2 «^ '^'^ 
^onnance status 2=70, and adequate hematopo«*c renal, andhepaw 
^To^laVed^ hype«ensitivity (DTO) skin testing w» perfonned 

sES^ clinical outcome and imm»niz«ion potent,^P.t«nt« 
i f tl«y tod severe catdSovascular disease or antflr^ 
oJmS^had biologic therapy received widun 4 weeks, te^ 
S to 23 B surface ««igeo or human imn«nodefici«cy yaus 
/ravThS^Sy risnifican. autoimmune disease or «.y Uh^ 

EXJressive'th^py. ^ -P^y^ iSlZSiHSTl 
^^3rcompli««* and inf«»«« ^'f^ "^^^T^l 

SdLg or vJm>m peptic ulcer disease, or tod 

Patients with treated brain metastases who were clmicaDy and 

enter onto die trial 

Patient Characteristics 

Twenty patients widi metastatic melanoma were enroDed alter pving 
wnStLd consent. Patient ctomcteristic. are ouflmed toTsbte t All 
^T^uld ««v««d disease; the majority tod at ^^^^ 
S^ttstasis. m. of which were visce«l (ie. noncutaneous «^ ^T^T^ 
S^S- App.oxim.tely two thinto of d,e padents had '^^ P^ 
S^^lnd 10 patients bad «> elevated lactatt dehydrogenase (LDH) level 
S^iS.^ -csa-ve prognostic f^.« <^ ^^^S 
for. at least onerecall antigen (mumps. Candida, or TnchophflUii by DTH 
skin testing. 

RT-PCR Analysis 

UNA was isolated ftom fresh tumor ceUs using guanidine and cesium 
chl^rS^^ synthesized »d PCR was perfonned fo, Melan-A 
^^^ctin using the primer pair, and reaction condmons descnbed 
oreviously" Control reactions without reverse transcnptase were per- 
Sr,o'™l. out a contribution of genomic DMA. PCR products were 
visualized using a 1.5% eUudiombromido^u.ined agarose gel. No formal 
quantitation was performed. 

Vacane Preparation 

1^ consisted initiaHy of three 2lHfay cycles, ^accin^ w^ 
„iv« on L fin. day of e»* cycle «Kl Mh-ll w» 8dmm»tered subcum- 
^rrdsy. I. 3. ««1 5. Approxim«ely 100 to 150 mL of penpb«^ 
p4«ts was collecwd pn day 1 of each cyck mto bq««nzed 

6n.Tringrusing sterile technique. PBMCs were IsoUted over a 
SiST^ientVymphoi^P; Axis-SWeld PoQ O^^^T^ 
«3.^^l*rand ren«pended in Dulbecco's phosptote4«ifrered sahne 
mpBS)«t40X lO^celWinL. At leastlOX lO* cells from each s«nplewei* 

Lyop^^ved toprepare CDS* «d CDS" ^<«f ^'f^^J^"^ 

JvTimmunologic studies. The Mdw-A^, peptule 

ILed accoXg to good manufacturing practice st«idaids by Mult^Je 

?^S::rS-l4o.CA)««ip~vidcdinl^^ 

ofpeptide were prepared at 5 mmoW. in dimethyl sulfo)ude «k1 stored at 
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TobU 1. Potient Chorocteristics 



No. 



Age, yeors 
Medion 
Rcmgo 

Sex . 
Mole 



58 
35-79 



. KcWiky peffcnnonca itahrt (ECOG) 
90%-1(X)%(0) 

^70% (2) 
No. of tnelostatic site 

1 
2 

location of mekistates 

Vtscwd 

Brain (Iraaleel) 
Pnortheropy 



ChenxjtKerapy or tmmonolKorapy 

As only prior theropy 
GKemolheropy 

Ai only prior therapy 
ImmunolKerapy 

As only prior rtiwopy 

Other* 

As only prior therapy 
Adiwont IFN-o 
As only poor therepy 
Ele^LDH 
QTH recoR potHivt 



9 
11 

10 
9 
1 

2 

18 

13 
4 

6 
7 
5 



None 



5 
3 
10 
9 



45 
55 

50 
45 
5 

10 

90 

65 
20 

30 
35 
25 
5 
5 

20 
5 
10 

25 
15 
50 
45 



Abbrvviations: ECOG, Eostem Coopwotiv* Oncology Gnx^; IFN-*?, interferon 
oHo-a; IDH, locWe dehydrogenase; DTH, defay«H^ hypersensifivay, 

•Experimental therapy other than o melanoma vaccbe, Bwmmomodubtory 
^toldne, or chemotherapy. 



-80*C for iq> to 3 montbs. Peptide preparations were quality controlled for 
HLA-A2 binding. steriKry. and identity by tugbi)erfonnBnce liquid clooma- 
togmphy and ma» spectrometry. An aliquot of peptide was ^hited to 20 
umoVL in DPBS end mixed with an equal volume of patient PBMCs (final 
Peptide concentratian, 10 i^oVL; target number of PBMCs, 10») followed 
C^incubaiion at 37*C for I hour in 10 mL DPBS. Tho ccUa were dien 
irradiated (20 Gy). washed in DPBS, and tesuspended in 1 mL DPBS. The 
suspension of pcptide-loaded PBMCs was iiyected sc using a 1^ syringe 
and a 2l-gauge needle, divided evenly into two sites. Preferred sites were 
those near draining lymph node basins but not near a tumor mass. The ac^ 
number of PBMCs administered per vaccme ranged firom 78 to 100 X 10*. 

rUL-12 was provided by Genetics Institute (C:ambridgc, MA) as a 
Krophilized powdff of 10 M« vacuum. Each vial was intended for 
single use only and was stored as a powder in our research pharmacy ai 2 to 
8»C untU reconstitutod wifli sterile water for injecdoa. Once reconstituted, 
thIL-12 was loaded into 3^ syringes and used within 4 hours. ihIL-12 (4 
ufi) was administered sc with a 25-gauge needle just after pulsed PBMC 
inoculation and immediately adjacent to one of ttic two immunization sues 
on days 1, 3, and 5. The same approjdmate location was used for each 
iiyection of peptide^ulsed PBMCs and thIL-12 for each cycle. 

Tfmcity Assessment and Criteria for Clinical Response 

Toxicititt were determined using the National Cancer Institute common 
toxicity criteria scale versicm 2.0. A complete re^wnse (CR) was assigned if 
there was disappearance of all lesions widwut the aw>earancc of any new 



2344 



PETERSON, HARUN, AND GAJEWSW 



lesions; a paitW response (PR) was defined « * 50% reduction « toaJ 
voile; . minor response (MR) was defined a. less *an 50% 
reduction in total tumor volume; progressive disease (PD) was assigned if 
new lesions appeaml. any tumor reappeared, or if a 25% increase m tumor 
area was observed; a mixed response was assigned if at least one mmor 
decreased in size with odwr or new tumois growing; stable disease (SD) was 
anything fliat did not fit the aforemenUoned criteria. When possible, 
cutaneous lesions were photograjAed. 

CD8* T-Cell Preparation 

CDS* and CDS" fiactioos fhm PBMC were isolated at the time of 
pieparation of each vaccine and cryopreserved untU analyiis tn 1^ 
ftdim, CDS* T lymphocytes were isolated by positive selection usmg CDS 
-jiaobeads and magnetic columns (j^CS syitoK Miltenyi Biotech, 
Auburn. CA). The .mbound CDS" fraction was cryopr«en^ for use as 
anligeni«»seoting cells fer in vitro expansion of speciBc CDS T celb^ 
Al^»* aie primary EUSpot analysis was performed du«*ly wift thawed 
celU. a secondary assay was carried out after in vitro expansion. For m 
vitro expansion. CDS" cells were diawed firan each Iraie pomt and poj*rf. 
oulsed widi 50 lunoW, Mclan-A pqrtide in setum-fite Iscove s mod^ 
Dnlbecco's medium (MDM) with be«a,-microgldbulin. Irradiated (3,000 
Jldl washed, and plated at 2 X 10» ceDsAwell in 24^ pkars. CDS* T cells 

^ iS^Bcd with the irnufialed CDS- celb^^ 

in IMDM nwBum containing tOH human AB serum. After J days, die eelto 
weie collected and plated with a tww batdi of Melan-A-pulsed inadiaied CDS" 
cells. After an additional 5 days 4e cells were collected and tested. 

EU^tAssays 

Brie&y 96.weU membrane bottomed plates (MAHA S4510; Millipore. 
Bedfort. MA) were coated wid, 15 w/mL of antihuman IFN-y antibo.ty 
Cincinnati. OH) fa PBS. The plates were wari«d and CDS* T 
cduTrifter fteshW thawed at 5 X iC cells/well or after in vitro eiqwnsion 
,15 X10' cellsAven. were plated » triplicate fa IMDM mednim wid» 10% 
human AB serum. T2 cells (transporter assocUted with antiga V^^f^' 
deficient cell Ime, American T>pe Culture Cojtoctionno. CW 1^ 
pulsed for 1 hour at 37«C with 50 pmoUL peptide (otiier denved ftom HIV 
flLKEPVHOVl. Epstefa-Bair virus (EBV; QLCTLVAML]. or Melaa-A 
AAGIGILTVD. washed, and plated at a 5^0-1 ratio to the T ceUs. A 
InUcate of CDS* T cells was stimulated witii PMA (phwbol IZ^nynstate 
lVacetate«50 ns'rtiL) + ionomycm (0.5 MtoL) as a positive c«mtrol. After 

iJC 1 JS. w«e removal by wad^g with PBS + 0^ T^ 
fwash bufiet), and KotinyUted antihuman IFN-r antibody was added m PBS 
+ 0J% fetal calf serum. The plates were facubated for 2 to 4 hours at !«» 

temperatu.^ washed, and «repBtvidin-alk.Bne Ph«ph-ta«w» ^ 
hour at room tempenm»e. The plates were then waAed^ BOP-OTT 
(5-btomo-4<hloro-3-iDdolyl phosphate/taitro*lue tenazohum) was added, 
and ti« pUtes were finally washed with water and altowed to air «Jor. Pl«« 
were scanned with an EUSpot reader (CTL Technologtes. Oeveland, OH) 
and die number of spots per well was enumerated after die background was 
Kt on die basis of weUs diat had been incubated with medhim alone; spot 
««ttion was adjusted usmg Imrounospot software (CTL Technrfop«). 

sample, the number of T cells producmg IFN-r fa response to EBV 
orMdan-A peptides was delermmed by subtracting U«mmiber of spots seen 
fa reqwnse to HIV peptide. Tbe mean and SD were determined for each 
IripliMttMnple. After immunization, die time pomt at which peak ftequen- 
ci« among the first tiiree cycles v>«re observed was used f« data analysis. 

Statistical Analysis 

Comparisons between pre- and post^Spot fitequeodes were perftamed 
Bsfag apair«J I test, and comparisons of augmented EUSpot fteque»ci« 
between i««)ODder» and nonresponders were made usfag an uivaired 
two-sided I test Coitetotions between various dichotomous variables and 
clfaical outcome we« made usfag Fisher's ex«:t test (tw<«ide«0. Survival 
data were deteimmed usfag ti» Kaptan-Meier method, widi difference, 
among subgroups assessed by tt«e tog-tank test All analysea were perfonwd 
using SPSS software (version 8.0; SPSS Inc. Chicago. IL). 









Gniae2 




Fatigu* 


10 


0 


0 


Anoraxio 


6 


0 


0 


Fw 


7 


0 


0 


Rash 


3 


0 


0 


Heododw 


3 


0 


0 


Nausea 


2 


0 


0 


Iniedion siie recKKof 


. 5 


0 


0 


Noutropenia 


1 


2 


0 


THrombocytopenio 


2 


0 


0 




5 


2 


0 


Craa6nin« 


1 


0 


0 



NOTE Aclverse evenb wer« deJerminod u»mg lh» Nafionoi Cancw 
bisrituta common toxicity criteria scoU vmon 2.0. 



RESULTS 

Immunization Treatment and Toxicities 

Each 3-week cycle consisted of immunizaticm on day 1 and sc 
riiIL-l2 administration on days 1, 3, and 5, as described in 
Mediods. Three cycles constimted one course of thcr^y and 
patients were evaluated for icsponsc after each course. Padents 
were observed as inpatients in our General Clinical Researdi 
Center for the first 24 hours of each cycle. 

Adverse reactions arc listed in Table 2. All but one patient 
completed at least diree cycles of ther^y. There were no grade 
3 to 4 toxicities; two patients had grade 2 neutropenia and two 
patients had grade 2 ALT or AST elevations, which were reversibic. 
The most ccnmnon adverse reactions were fatigue and fever. 

Clinical Otitcome 

Clinical response outcomes are Usted m Table 3. Two patients 
had a CR, for an overall response rate of 10%. In addition, four 
patients (20%) had a mixed response, one patient (5%) had an MR, 
four patients had SD» and die remdmng nine patients (45%) 
had PD. The sites of tumor reqxmse were diverse. The two patients 
who e3q)ericnced a CR botij had numerous metastases of 2 an or 
less and a ncmnal LDH. One patiait was female, had maltq>le 
cutaneous lesions, and no pricM- djen^ the odicr patient was male, 
had multiple lung lesions, and had experienced priw treatmoit 
feihnc from chemoimmunotfia^. Neitiier patient exp^ienoed a 
recunwwe wiih a mean fbllow-4ip time of 28 roombs at die time of 
data analysis. Of die five other patients showed a decrease in 
size of at least one tumor mass, diree had responses in skin, one hoi 
a response in bone, and one had a reqwnse in an adrenal lesion. 
Three of die four patients widi SD had visceral metastases. 



Table 3. Oinkd OvIcoim 


fiostRMponM 


no. vt rams 


% 


Complete rMporu* 
Partkd nesponjft 


2 
0 


10 
0 


Minor rwporiM 
Mixed response 
Stable dbeose 
Progressive cTfseose 


1 
4 
4 

9 


5 
20 
20 
45 
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p«0.015 




p=0.046 



HiV p^rtcte WW fublmcled out ond preh^^ 
usineo poind fmt 



PepUdeSpec^ T-Cell Responses by EUSpot 

A carefully cotitroUed IFN-y ELISpot assay was used to 
monitor the immune response to immunization. Ciyoprcscrved 
CD8* T cells were thawed in batch fashion and stimulated m 
triplicate directly cx vivo with T2 cells loaded with peptides 
derived from cither HIV, EBV. or Melan-A. The HIV vahies 
were subtracted fix)m those obtained wiA eitiier Melan-A or 
EB V as an internal control at each time point Seventeen of the 
enroUed patients had adequate cryoprescrved material with 
which to perform immunologic assessments. 

As shown in Fig 1, some patients displayed a high frequency 
of Melan-A-specific CD8^ T cells before vaccination, with as 
high as 1% of CD8* cells responding to this peptide. These T 
cells were fanctional because they produced IFN-r The majority 
of patients showed an increase in the frequency of Melan-A- 
specific cells after immunization {P - .015). In contrast, the 
fluencies of specific CD%^ T cells responding to the EBV 
p Jtide did not vary significantly overall (P = .86). Although the 
changes in T-cell frequency were modest, these results demon- 
stiate an antigen-specific response after immunization with 
Melan-A peptide-pulsed PBMC + rfiIL-12. 

The changes in Melan-A-«pecific ELISpot frequencies were 
compared among patients who had a mixed response or better 
and those who had no clinical response. As shown m Fig 2, the 
mean increase in Melan-A-^jpecific T cells for the climcal 
respondcrs was 112 ± 45 and for nonresponders was 26 ± 16. 
indicating that a greater absolute increase in Melan-A-rspccific T 
cells was associated with tumor regression {P = ,046). 

Survival and Associations Between Immunologic Parameters 
and Clinical Outcome 

The oveiaU median survival was 12.25 months and is shown 
in Fig 3A. Seven patients remained alive at the time of data 
analysis, with all patients followed beyond 12 months. Because 
the presence of elevated levels of serum LDH is a known 




Rb2. C<w»pomonolinc««.^M«kii^Aai^ 
lion between cKnicd r«po«Hle« and nonrespondeo. The obsokite differenee 
between Mdcm-A-speeifk EUSpd fr«|oeficie» port- ond prelrwlmcirt ww com- 
pOTd between rwpemkf* ond nonreH«nde" «^ 



negative prognostic factor," survival was also compared in 
response to this vaccine on the basis of LDH level (Fig 3B). The 
median survival for patients with an elevated LDH level was 
9:25 months, whereas the median had not yet been reached for 
those with a normal LDH (P = ,005). In addition, the median 
survival for patients who experienced a significant inwease in 
Melan-A-specific T cells was not yet reached, ccanpared with 
8.5 months for patients without a significant increase in Melan- 
A-.specific cells (Fig 3C; P = .120), 

Additional immunologic parameters ihat had been measured 
were also analyzed for associations with either clinical response 
or survival and are summarized in Table 4. NeiAer a positive 
recall DTH to standard antigens nor a relatively high number of 
EBV- or Melan-A-^cific CDS"^ T cells before immunization 
correlated with eidier outcome. The median pretrcatment Mclan- 
A-«pecific t cell frequency was 23 in clinical nonresponders and 
-26 in respondcrs. To increase ftic sensitivity of the assay to 
detect Melan-A-specific T cells, an in vitro expansion was 
performed on fiie preimmunization samples and analyzed by 
ELISpot as described in Methods. Ten patients showed high 
Melan-A-specific T cell frequencies after in vitro expansion. 
However, this also failed to correlate with climcal outcome. 
Finally, although a normal LDH level was associated with 
survival, it did not correlate with clinical response and also did 
not conelate with immune response. Collectively, these results 
reinforce the specificity of the result showing a significant 
association between an increased number of Melan-A-^specific T 
cells and clinical outcome. 

Expression of Melan-A in Resected Tumors 
After Immunization 

It was cOTceivable that some patiaits developed PD despite 
immunization because of outgrow& of Melan-A-negative tmnor 
cells. Posttreatment tumor samples w«ac obtained ftran progressing 
tumors from three patients and analyzed by RT-POL Although the 
new metastasis that developed m patient 1 was negative for 
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p « 0.005 



■41 i 



Not elevated 



Elevated 



Time (months) 




p s 0.120 



Increase 
M l I 



a) a» 40 

Time (months) 



Hg 3. Ovml Mirvlvd for qQ poHenh 
(A), on Ih* botU of Mfum loctate deh]rdro- 
geftoM flMlcr ttwn 200 U A Mr ond on Iho 
boib of iiicreasw] Man-AnptaSk faHer- 
fenm gommo-proclucmg CDS* T c»Bi W 
wm iWlwinined using fhe Kopkm^Mmer 
melkocL DifferencM between groups wore 
I using ll 



5 - 

9 



No increase 



Time (months) 



Melan-A exprcssioii. those samples fiom patients 4 and 6 retained 
detectable expression of Melan-A mRNA (Fig 1). THese results 
indicate that, although outgrowth of antigenHiegadve t"|no« «m 
occur odier mechanisDis of resistance to immune destniction likely 
explain the lade of clinical response in other patients. 

DISCUSSION 

In this snidy we used Melan-A peptide-pulsed autologous 
PBMC + ihIL-12 as a vaccine to treat HLA-A2-positive 
patients with advanced melanoma. We observed a significant 
£^ in Melan-A-specific IFN-r-producing CDS* T cells 
afkcr immunization, and found a statistical association beWe«i 
clinical response and the magnitude of the specific T^U 
inaease Although it is difficult to compare across mdividual, 
small phase U studies, these results are simUar to those that have 
been reported using antigen-loaded dendritic cells, but with a 
strategy that may be more straightforward to execute 

PnLation of &e peptide-loaded PBMCs typically took 5 
hours fiom phlebotomy to injection, and quality control of the 
cell product was feciUtaied by the lack of an extended m vitro 
culture period and absence of exposure to culture medium or 
semm proteins that is required for dendritic cell preparations. 
Conversely, dendritic cell vaccines have been prepared m 
batches and ayopieserved in individual doses in some studies, 
which obviates die need to prepare a ftesh vaccme at each time 
point Cryopreservation of vaccines has not yet been examin^ 
Sdi our current approach. A comparative tnal between PBMa 
riilL.12 and dendritic ceU-based vaccination may. therefore, be 
of interest as the technologies continue to develop. Our results 



support Ae mrtion developed in preclinical models that IL-12 
can contribute to effective antitumor immuni^, and are consis- 
tent «dth the results of a recent adjuvant vaccine study using 

ihIL-12 in melanoma.'* 

We used a direct ex vivo EUSpot assay to assess antigen- 
spedfic T-cell responses in this study. Control experiments 
testing EBV reactivity firom normal donors revealed fliat ELIS- 
pot analysis could be performed accurately on cryopreserved 
CD8* T cell sanples immediately after thawing (H. Harlin and 
T. Gajewski, uqjublisbed data). We found that background 
reactivity aganst die control HTV peptide varied among patients 
and to some extent among time points for an individual patient 
The magnitude of increase in apparent Melan- A-reactive T cells 
would have been greater in some patients had tiw values 
obtamed witih die HTV control pq>tide not been subtracted. We 
believe that Has experimental detafl is critical because it normal- 
izes Ibe samples for background differences and provides an 
internal control for itnnor variation between individual vials of 
cryopreserved T cells. We also conq»ared tiie Melan-A fiiequen- 
cies to fliose against an EBV control peptide, to determine 
whether tiie treatmait was altoing ELISpot results. We per- 
formed our analyses on purified CDS* T cells to control for 
variable numbers between patients and across time points. It is 
possible tiiat we excluded subpopulations of CDS" T cells, 
CD4* T cells, and natuial killer T cells that could have produced 
IFN-7 in resiwnse to Melan-A. NoneAeless. our results revealed 
a measurable and significant increase in Melan-A-^)ecific T 
cells postti«atroent Our cuncntiy enqiloycd EUSpot assay is 
distinct ftom tiie assay used in our phase 1 trial of peptide-pulsed 
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Pre 



Post 



CoovlaHonWi^ 
Rnponw(P} 



Survf«d(P) 



Po»itT¥« DTH nod 
Strong aV pw4b(* 
bcrwued EBV post v»r»w pret 
Strong Melon-Apre-Rxt 
Incraosed Melon-A porf venw pret 
Strong in vitro «)9or»ion of Melan-A§ 
lDHWveb<200 



.642 
,131 
.290 
.644 
.046 
.304 
.99 



.130 
.491 
.644 
.481 
.120 
.565 
.005 



Actin MetenA 
Rt: + - + - 



Actin MelanA 
+ ^ + - 



hOTE, A»K)ciatiofu wi»h fwponto w«» drterrni^ u«ng FUW> •xod tetf (hwo 
jided), '^^"^ °^ pos»raa»m«it, whk* ^ deter 

mined i»big on unpoir^i l*Mt. A«ocicrf^ 
KopU-Meiw' mefbod ond lor ronfc test. 

^JbfwofionK OTH, d<»loyodHn>ehyp««>siH^^^ EBV, ^wtein^irr vina; Rx, 
i„»„«ni2oHon;lDH, bdote dehydrogenwe; MV, Iniman immunodeficiency viiuv 

ieost 90 jpoh per 10* CDS* T cefc ofter subtrtidKW of boclc^^ 

control KHV peptide. * . 

tChongw between post- end prevoocinahon samples ww» cakubtod as Itie 
diffwence be^«en absolute number of spedfic .p^ 
unpoired r test be*v«en clinicd responds otkI now*^^ 

tAt l«»f 40 spots per 10* a)8M celk aW soblrodkm of bockg^^ 

a control HIV peptide. . j 

§Ar least 90 spots per 10* CD8* T celb after tubtr(KtK)n of bockgro^ 

o control HIV peptkle, oftor a 1 0^ in vitro expansion vrf^ 

outologous COS* cefls ond a-2. 

PBMC + rfdL-12 and in other trials^"-" in which in vitro 
expansion had been performed before assessment of IFN-y 
production. Analysis of T-ceU responses with minimal in vitro 
manipulation should most accurately reflect the status of those 

cells in vivo. . 

High frequencies of Melan-A-«pecific. IFN-ri>roducmg 
CDS* T cells were observed in some patients at study entry 
v»*en Aey clearly had progressively growing melanoma. This 
observation indicates that the absolute frequency of functional T 
cells^against a tumor antigen does not correlate with the behavior 
of the tumor. We also found no statistical association between 
this high frequency and clinical outcome; in fact, the two patients 
who experienced a CR had undetectable Mclan-A-fpecific T 
cells befons thei^y. Although high frequencies of T cells 
reacting with a Melan-A tctramcr have been d^ected in some 
normal donors.^* those ceUs had a naive surface phenotype and 
did not produce high levels of IFN-y. What did correlate with 
clinical response in our current study is a meaningful increase m 
Melan-A-specific T celb posttreatment These increases were 
modest (a net gain of 112 spots per 10* CD8^ T cells on 
average), indicating either that a subtle alteration in the steady- 
state between die immune response and a growing tumor in favor 
of increased T-cell frequencies is sufficient to translate into 
tumor regression, or that another immune functira that we are 
not measuring is contributing to the final event of tumor 
shrinkage. Tumor regressions without detectable increases in 
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patients underwent surgical rvMClion of lesiem (after discomiMMng the Mjfi, 
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T-cell fi^uencies using standard assays have been observed in 
o&er studies.*^ 

The median overall survival in our study was 12.25 months 
ftom treatment initiation, which is greater dian the expected 6 to 
9 months for this patient population. Although it was a relatively 
small study and subject to selection biasi most patients were 
pretreated and had visceral disease, one half of the patients bad 
elevated serum LDH levels, and four patients had treated brain 
metastases. As has been seen in melanoma patients treated widi 
standard therapies, we found that an elevated serum LDH level 
was a negative prognostic factor for survival. Whether this is 
reflective of tumor burden or tiic meUbolic state of ttic tumor 
cells that have adapted to an anaerobic environment is unclear. 

Some patients developed increases in Melan-A-^q)Ccific T 
cells and developed progressive tumor growth despite retained 
expression of die antigen on posttreatment biopsies. This obser- 
vation is similar to that seen in murine studies" and indicates 
mechanisms of nraior resistance downstream fitma initial T-ccU 
priming, presumably within the tumor microenvironment Poten- 
tial o^lanations mclude poor T-cell trafficking to tumor sites, 
presence of negative regulatwy crfls, T-ccU anergy or death, 
expi^ion of inhibitory molecules by tumor cells, or downregu- 
lation of class I major histocompatibility complex or antigen- 
processing molcculcs.^^'^ Future studies should investigate 
definable mechanisms of tumor escape that allow tumor cells to 
resist elimination by antigen-specific T cells in vivo. 

ACW^IOWLEDGMENT 

We tiiank Genetics Instituic/Wycth for ihIL-i2, and T. Kairison, M. 
Shennan, S, Swigcr, and M. Posnor for important contributions. 



fiEFERENCES 



1 Boon T, CcroMini JC. Van den Eynde B. ct al: Tumor antj- 
gens recognized by T lymphocytes. Anna Rev Immunol 12:337-365. 
1994 



2. Kawakaroi Y, Robbins PF, Wang RF, et al: Identification of 
tumor-regression antigena in melanoma. ImporUnt Adv Oncol 3-21, 
1996 



2348 



3 CouJie PG. BrichanJ V, Vim Pel A. et al: A new gene codmg for a 
differentiation antigen ^cognized by autologous cytolytic T lymphocytes on 
HiIaZ melaiwmas. J Exp Med 180:35-42. 1994 

4 Gaiewski TF Fallarino F: Rational development of tumor antigen- 
specific immunization in melanoma. TTwr Immunol 2:211-225 1995 
T Nestle FO. ABjagic S. Oiffiet M. et .1: Vaccmadon of metano™. 
paLrwith p;ptidL or tumor lysa..^ dendritx celU. 14.. Med 

'T^l H«ndle I. Roder C. et al: V«*ination with MAGE-JAl 
peptidoiHJsed mature, monocyteHterived dendritic cell. «^ 

melanoouL J Exp Med 190:1669-1678. 1999 
TsIiXreau J. Palucka AK, DlKxJapkar M. et al: immune and clm««l 

^ponses in patients with ^^''T^.T^'^^, 
^ed dendritic cell vacdnc. Cancer Res 61:6451-6458. 2001 

^ GaS TF. Renauld JC. V«, Pd A. et at CostimulatKm with B7-1. 
and Ii;-12 i» sufficient for primary ^neiation of murine anntumor 
, JT rlCn^tocvtes in vitio. J Immunol 154:5637-5648. 1995 
^^elLS^D Cri«iA,et.LEfi^fIL^^^^^ 
of cywtoxic «:tivity in human CD8-H lymphocytes. J Immunol 151:2444- 
idH 1993 

lo' Trinchieri G: Intertettldn-12: A pwinflamroatory cytokine with im- 
„,^is^ fimctions that bridge »«.ge«-.pec.fic 
adaptive immunity. Annu Rev faununol 13:251-276. 1995 

U fallarino F. Uyttenhove C. Boon T. e. al: ^-f^^^^^^ 
neeeJiy fortqection of P815 tumor variantsmviva J Immunol 156:1095- 

* F^Jbrino F Gaiewski TF: Cutting edge: Differentiation of «rtitumor 
Cn?in bos. Statl. J Immunol 163:4109-4.13. 

1999 

,3. BnmdaMJ.LuistmL.Wa,rierRR.et.l:Antit«n«r«^^^ 
activiv of inteitaikin 12 against murine tumors. J Exp Med 178:1223-1230. 

^IJ HdlezS.De..emmerieO.GiamKHdiC.etal:Interieukin-12.««re^ 
' • ' ^„„ B-_ 16-tnmsfomied cells provide a potent cancer 

sz'srE^s^ri^^..-'-'^ 

TI'.ItaL F. Asbitam A. Boon T. et al: Antigen^fic «gJ«.o« of 
e^abiiAed Uomots induced by active i"™"^" ° "^^"^"^^ 
ZT^M i^ransfected tumor cells. Int Immunol 9:1259-1269. 1997 
•^,6 v!SSSolfeM.CavdloF.aal: taterleukin 12po.entiatesti. 
cJativ. rfL of a vaccine based on interleukin 2-.nmsd»ced nm«,r 

Cancer Res 56:467-470, 1996 

n Cavallo F SignoielU P. Giovanni M. et al: Antitumor efBcaqr of 
.^]:J^^^ JZLni^ to produce interieukin 12 (IL-12) or other 
S:;S^^^^t.S--^«.,KaUC««erI„st89^ 

1997 



PETERSON, HARUN, AND GAJEWSKl 

18. Rao JB, Chamberlain RS, Bronte V, et al: IL-12 i« an effective 
adjuvant to recombinant vaccinia virus-based nmnor vaccines: Enhancement 
by simultaneous B7-1 expression. J Immunol 156^357-3365, 1996 

19 Sumimoto H» Tani K, Nakazald Y. et al: Siii)criority of interkukin- 
U-transduced murine lung cancer cells to GM- CSF or B7-1 (CD80) 
transfcctants for therapeutic antitumor immunity in syngeneic imm^mocom- 
petent mice. Cancer Gene Thcr 5-.2907, 1998 

20. Fallarino F. Uyttenhove C, Boon T, et al: In^wovcd efficacy -of 
dendritic ceH vaccines and successful immunization with mmor antigen 
peptidci>ulsed peripheral blood mononuclear celU by coadministration of 
recombinant murine interieukin- 12. Int J Cancer 80:324-333, 1999 

21. Gajewski TF. Fallarino F, Ashikari A, et al: Immnnizaticm of 
HLA-A2+ melanoma patients with MAGE-3 or MelanA pcpdde-pulsed 
autologous peripheral blood nwrnomiclear cells phis recombinant human 
intwlcukin 12. Clin Cancer Res 7:895s-901s, 2001 

22. Baldi CM. Buzaid AC, Atkins MB, et al: A new American Joint 
Committee on Cancer staging system for cutaneous indanana. Canp^ 
88:1484-1491.2000 

23. Eton 0,UghaSS, Moon TE.ctal: Prognostic factors for survival of 

patients treated systemically for disseminated mdanoma. i Clin Oncol 
16:1103-1111, 1998 

24. Lee P, Wang F, Kuniyoshi J> et al: Effects of intcricUkm-12 on the 
immune response to a muWpeptide vaccine for resected metastatic meU- 
nmna. J Oin Oncol 19:3836-3847, 2001 

25. Rosenberg SA. Yang JC, Schwaitzcntruber DJ, et al: Immunologic 
and therapeutic cvahiati<m of a synthetic p^tide vaccine for the trcatmert 
patients wiA metastatic melanoma. Nat Med 4:321-327, 1998 

26. Pittet MJ, Vahnori D, Dunbar PR, et al: High frequencies of naive 
Melan-A/MART-l-f^fic CD8(+) T cells in a large proportion of human 
histt>canq»tibiUty leukocyte tttigen (HLA>A2 in&viduds. J Exp Med 
190:705-715, 1999 

27. Marchand M. van Barcn N, Weynants P, et al: Tumor regressions 
observed in patients widi metastatic melanoma treated wth an antigenic 
peptide encoded by gene MAGB-3 and presented by HLA-Al. Int J Cancer 

80-.21 9-230, 1999 

28. Wick M, Dubcy P, Koeppcn H. et al: Antigenic cancer cells grow 
progressively in immune hosts without evidence for T cell exhaustion or 
systemic anergy. J Exp Med 186:229-238, 1997 

29. FentmeS.MarincolaFM: Loss ofHLA class I antigens by melanoma 
cells: Molecular mechanisms, functional significance and clinical relevance. 
Immunol Today 16:487-494, 1995 

30. Marincola FM, Jaffcc EM, Hickhn DJ, et al: Esc^ of human solid 
mmors from T-ceU rwogniticm: Molecular me<ihanisms and fiinctional 
significance. Adv Immunol 74:181-273. 2000 



Vaccination with Mage-3A1 Peptide-pulsed Mature. 
Monocyte-derived Dendritic Cells Expands Specific 
Cytotoxic T Cells and Induces Regression of Some 
Metastases in Advanced Stage IV Melanoma 

By Beatrice Thumer* InaHaendle*dlaudla R<kier.* 
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Summary . 
Dendritic ceUs (DCs) are considered to be promising adjuvants for Inducing inunurtQr to «n- 
ce^ We uL mat J. monocyte-derived DCs to eUdt resistance to "^^^ "^^'^^^ 
DCs wlHulsed with Mage-3A1 tumor peptide and a recall antigen, tetanus toxoid or ttaber- 
?S»TfradS,^stege IV melanoma^itlents. who were progressive despite standard che- 
culln. 11 tar aavancea sage x [~ intervals. The Hrst three vaccinations were 

motherapy. received Ave ««cf ^o^^^ i„t«dermally. ioUowed by 

administered Into the sWn. 3 X eaf ^ubc«m«^mj ^ 

two ^ed. Wunlty to'^the re^ antigen was boosted. 

oigmucMii B ^ . ^ immune responses often dedined after the In- 

"re^rS^/^p^S^-oluaon of skin metastases In two ^^e Patien^^w^a^m- 
;^ed^^ma aScDS* T ceH InfUtraUoj. whereas -"^^^'^J^^f^c^^^ 
TL aT Xs Mage-3 mRNA ^P'^-^J^fj.^^^ZZTJ^ 

as weU as escape by lack of tumor antigen expresdon. 

Key words: dendritic cells • vaccination • active immunotherapy • melanoma • 
cytotoxic T lymphocytes 



It is now established that the Immune system has cells, 
particularly CD8* CTLs. that can recognize tumor antl- 
Hensand kill tumors (1. 2). Nevertheless, a major problem 
b that these T cells are either not Induced or only weakly 
inH.ired le the T cells are not evident in the systemic cir- 
Sion: One possibiUty is that there b Inadequate tumor 
StigenpresenS. by dendritic cells (DW nature s ad- 
Juv2>t- for eUdting T cell immunity (3). Another is that 

nUZIrtlTImd in thb p»pa: CNS. central neivoio iy«em; DCs, den- 
iS^^KS del^ hype^^-mvjo;: MOM. mo~cy.e-con. 
ilonS medium: RT. revene «»crtpu.e: TT. tet«.u, ««oid. 



tumor-reactive T cells are tolertaed by the tumoR (1. 4). 
Melanoma provides a compelling setting in which to pur- 
sue a current goal of cancer immunotherapy, the generation 
of stronger tumor-spedflc T ceU Immunity. parUcularly 
with CTLs (4). The majority of tuihor antigens identlfled 
so far at« expressed by melanomas (2). Limited anOmelanoma 
CTL responses have been detected (5). and Inftutons of n>-Z 
expanded killer cells can lead to rejectton of melanoma (6). 

Conventional adjuvants promote antibody rather than 
CTL responses. Therefore, several novel strategies are be- 
ing explored to induce tumor-^>eclflc T cell Immunity. 
DC vaccination is one of these (3). Immature DCs capture 
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antigens but lack full T ceU-sUmulatory activity (7). In the 
presence of appropriate stimuU. such as InflamnMtoor cyto- 
SSs theDOrmature.DaupregulateTcenadhesionand 
costuliulatoo' molecules as weU as select chemokine recep- 
tors that guide DC migration, into lymphoid organs for 
^^Uofantlgen-specmcTceUs-TheuseofDCs^^^^^^ 
iT supported by many animal experiments with pri- 
marily mature DCs (3. 8). These studies have shown that 
Section of tumor antigen-loaded DCs reliably induces 
tumor-specific CTL responses, tumor resistance, and in 
Sme caS; regression of metastases (3. 8). Inthe few pUot 
trials reported so fer for humans, inunature DCs have b^n 
employed (9-11). Scattered tumor responses are reported^ 
but evidence for the induction of tumor-spcdfic CTLs by 
DC vaccination has not been shovm. 

We have developed a technique to generate large num- 
bers of homogenous populations of mafure and stable DU 
ftom monocytes In the absence of 

13) We are now exploring the use of thfese DCs » vacdne 
adjuvants m humans. Here we provide the pmof of theprin- 
ciple by demonstrating that three intracutaneo^ injections 
of MaRe-3Al peptide-pulsed maure DCs reliably enhance 
tb^iM-J^CDS* and recan CD4- T ceB Immunity 
U,Lvlly pretreated. propessive stage 1^ melanoma^tt 
with lai«e tumor toads. Expansions of Mage-3Al-^c 
OT. VSponses have not been previously detected after 
MaRe-3Al peptide vacdnation ln less advanced melanoma 
(Hrunderscortng the potent adjuvant properties 
of DCs. As regressions of metastases also occurred upon 
DC-mediated Immunization and were accompanied by 
CD8+ T ceU Infiltration, we propose that the Induced 
Mage-3Al-^mc CTLs are active In vivo. 

Materiak and Methods 

Patient Ellgibatty Criteria 

Padents were eligible if they suffered firom stage IV (Le.. dbtant 

SSL on CancerAJnion Inten»tlonale Contre Cancer 

excbed metastasis, and no systemic chemo-. radio-, or Im- 
m^r^y within 4 wk (6 wk in the case of nUrosure. dmgs 
DC vaccination. A positive sWn t«^ 
las not required. Important exclusion crit«^ were ac- 
Slr^nen^rsysUMn (CN9 metasusls. any tign^ 
i^SLaWy. s^ invaired organ function (hematoto^cal. 
^ UW^acive .utoinunune disease (except v«lUgo). prevtous 
5^^«ony or n-ilatton to the spl«^^ 

Loe for moUier active malignant neoplasm, pregnancy, lacuate^ 

T^Z^or U^ent to partiCpau,) in a^ o*er cUnJ^ 
Ct^miWt treatment (chemo- or Immunotherapy. <='«^^^ 
X^vestigational P-unedical subs.^) was pmhlbtt^ 
M^tiveSon or surglcdthen^v of selected me^^^- 
taln medleauons («*uminophen/parecetamol. 
SLLtoo. dmgs. op^ to control ^om, v«re aUowed. 



Clinical Protocol and Study Design 

The study was perfomied at the Departments of Dermatology 
in Eilangen, WOraburg. and Mainz. Gemiany according to stan- 
dards of Good Clinical Practice for Triab on Medicinal Products 
In the Eun^jean Communlly. The protocol was approved by the 
Protocol Review Committee of die Udwig Institute for Cancer 
Research (New York. NY) and performed under jupe^^^of 
its OBlce of Clinical Trials Management as study LUU #8f-0Ul. , 
The protocol was also approved by ttie ethics committees of tiie 
Involved study centen. 

The study design is shown in Table D. All patients gave writ- 
ten infonned consent before undergoing a screening evaluation 
to detemune tiielr ellgibiUty. Extensive clinical and laboratory as- 
«ssments were conducted at visits 1 . 5. and 8 (Table II) and con- 
sisted of a ccanplete jrfiyslcal examination, staging procedures, 
and standard laboratory values as weU as spedti ones (pregnancy 
test, free testostetone'ln males, autoantibody proffle. and antibodi« 
to HIV-1/2. human T cdl lymphotrt^lc vims type I. hepatitis B 
vims and hepatitis C vlnu^. Patients were hospitalized and exam- 
ined the day before each vaccination and were monitored for 
48 h after the DC injections. Adverse events and changes to labora- 
toryr values virere graded on a scale derived firom the Common 
Ttwkity Criteria of tiie National Cancer Institute. National Insti- 
tutes of Health. Bethesda. MD. 

Prodvctim (J the DC Vaccine 

During prestudy screening, we tested a small amwint of fn^ 
bkxxt to verify tiiat apprqprtate numbers of rnature DC»»»«l >» 
SSatod^ the Juents monocytes (12). Sufficient DC num- 
bers couW be successfiiBy generated In aU patients, but in sorne pa- 
tient, the test generation revealed that TNF-a had to be added to 
assure m matureuoa To avoid repetitive btood drewinp^ per- 
fonned a single leukapheresb during visit 2 to generate DCs « de- 

(iS!^ s»«rt. PBMC, Item the le.d«^ 
deated cells) v«re Isolated on Lyn^hoprep™ (Nycorned ^maj 
and divided Into tiiree Iractions. The first barton of 10» PBMCs 
was cultured on bacteriotoglcal petri dishes (Cat #1005^akon 
Ubware) coated wttii human Ig (100 ,v«/ml: Sando^ln~; S«n- 
^ GmbH) m complete RPMI 1640 milium (BloWWttakeJ 
supplemented with 20 M«/ml genuanldn (Refobacin 10; Merck). 
2mM glutamine (BtoWhlttaker). and 1% heal-lnacUvated human 
plasma Jor 24 h to generate monoqfte-condition^ medium 
Wm) for later use as ti« IX: maturation stimulus. The sectmd 
Lston of 3 X 10» PBMCs vvas used for the genaaticm 
vacdnation 1 and delayed-type hyper,«^vijy J- Ad- 

herent monocytes were cultured in 1 GM^^F (10 X 

mJ/mg: Leukomax~: Novartis) and 800 U/ml IL-4 (purity 
>98%- 4 1 X 10^ U/mg in a hloassay using proliferation of human 
IL-4R* CTLL: CdlGenbt: expressed in Escheridiia «U and pro- 
duced under good laboratory practice conditions but verifted for 

%od manufe^ P«ctlee (GMPl safety and P«J«yalt«ta g 
Sfor 6 d. and then MCM was added to mature *e DQ»- MCM 
^ Lplememed in patients 04. 06. 09. 11. and 12 wtth 10 ng/ml 

ing murine L-M cells; a gift of Dr. GJR. Adolf. Boehringer Ingel- 
hdm Austria. Vienna. Austria) to assure full maturation of DO. 
E«^were harvested on day 7. third taction of PBMCs 
was frozen in allquots and stored in tiie gas phjM of liquid nitrogen 
to generate iXs for later vacclnatiom and inW tests. 

DCs for vaccinations were pulsed witii the Mage-3A1 peptide 
(15) (EVDPIGHLY. synxhedz^ at GMP quality by ClinalfiO as 
mmor antigen, and as a recaU antigen and positive contr^^ 

(rnor tuberculin (if at visit 1 ti« DTH to TT in ti>e 
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Multitest Merieux was > 10 mm: both purchased from the Baae- 
rial Vaccines Department of the Statens Senim Institute. Copen- 
hagen. DenmariO. The recaU antigen was added at 10 M«/rrJ for 
the lasi 24 h. and the Mage-3A1 peptide was added at 10 vM di- 
rectly to the cuhures for the last 8 h (if Immunity to recall anti- 
gens was «rong>y boosted, the dose of n«=Ul antigen was reduced 
to 1 0 or 0 I |ig/ml or was omitted for the intravenoia DC In- 
jections to avoid a cytokine release syndrome). On day 7. mature 
DCs were harvested, resuspended in complete medium wastej 
and pulsed once more with Mage-3A1 pepUde (now at 30 pM) 
for M min at 37-C. DCs were finally washed and resuspen^ 
PBS (GMP quality PBS: BloWhlttake.) for Injection. DO to be 
Ld for Mage-3A1 DTH tests were pulsed with Mage-3A1 M 
^recall amlgen): DCs that seived as negaUve control in the 
OTH«rwe« not pulsed at all. An aUquot of a» DC. to be 
^ for vacclnauons was analyzed as described (13) to assure that 
fuMUonally active and nurture DCs generated, "n* featui« 
ofthe DQ a« described to Results. Release criteria were typical 
_-„«K«inov f>9S% nonadherent veiled cells) and phenoQTie 
!^-Dr'* <S***CD40*CD25*CD14- and >65% 

homogenously CDSS**). 

Iwmunization Schedule 

A total of five vaccinations (three tnto the skin foUowed by 
two intravenously) with antigen-pulsed DCs were given at 14h1 
intervals CTable A). This design was chosen to explore the toxic^ 
Ity and efficacy of various routes in this trial. For vaccii«tlor« 1-^ 
3 X 10^ DCs M^ere given subcutaneously at two sites (1.5 X lif 
ba 5 00 ,U PBS site) and 3 X 1 0« mtraderm^ 
« X IQS DCs in 100 pJ PBS per site). The Injection sites were 
i^e ventromedial regions of the upper ^^^^^^^^.'^ 
to the regional lymph nodes and were rotated clockwise. Umte 

STg Sh nodes had been r^o ved anchor 
were excluded. For intravenom vaccinaUons 4 and 5. » to^ of 6 
and 12 X 10« antigen-pulsed Da (resuspended In 25 or 50 
PBS plus 1% autologous plasma) was administered over 5 andlO 
min respectively. Premedication with an antipyreac 5(X) mg aoe^- 
^^^Ltamol P.O.) and an antihistamine (2.68 mg de- 
^^S^^^t i.v.) was given 30 min before intravenous 
DC'^vacdnatiOTu 

Evaluation of Immune Status 

RecaU Antlgtn-speciBc PraUfemaon and Cytokine ^fodurt/o/K 
PBMCs were cultural in trlpUcate at two d^ levels (3 X 10^ 
and 1 X lO^PBMCs/weU) plus or minus TT or^^tf«^»« 
01 i and 10 fi«/ml) and pulsed on day 5 with {^Hjthymldine 
for'lZ h. In aU cases, the highest cpms were obtained with the 
highest doses of PBMCs and anUgen and are shown In F^. Z. 
IL-4 and IFN-7 levels were measured in culture media by bU5A 
fEndoeen Inc.). In a separate plate, staphylococcal enterotoxln 
added iaS, 1. and 5 r^ml. and proliferation 
was assessed after 3 d to provide a positive control for helper 1 
ceU viability and responsiveness. , „ . ^ c, -i 

Enzym^Uni^edlmmunospot Assay larlFN^yRei^^ 
Antit^spedBcTCelis, To quantitate antigen-^jedflc. IFN-^- 

jKe-3Al.^ effector T 
immunospot (EUSPOH assay was used ^^^^^^^^^ 
(10* and 5 X 105/weU) or in some cases CD8+ or CD4 T celh 
isolated by MACS™ according to the manufacturer, MUten>i 
Biotec) were added in triplicate to nitroceUulose-bottom^l 96-weD 
plates (MAHA S4510: MUUpore Corp.) pt^oated with *he pri^ 
Zry antl-IFN-'Y "lAb (1-DlK; Mabtech) in 50 fil EUSPOT 
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medium (RPMl 1640 and 5% heat-lnactivatcd human serum) per 
well For the detecUon of Mage-3Al-reacUve T cells, the APCs 
were Irradiated T2.A1 cells (provided by P. van der Bruggen. 
Ludwlg InsUtute of Cancer Research. Brussels. Belgium) pulsed 
with MHC class I-restricted peptides (Mage-3A1 peptide and the 
HIV-1 pl7-derived negative comrol peptide GSEELRSLY) added 
at 7.5 X 10*/weU (final volume 100 ^il/wcU). After incubation 
for 20 h welU were washed sbc times. Incubated wtth blotiny- 
lated second mAb to IFN-7 (7-B6-1: Mabtech) for 2 h. washed, 
and stained with Vectastain Elite kit (Vector Ubs.). For detec- 
tion of TT-reactive T cells. TT was added at 10 jig/mJ directly to 
the PBMCs (1 or 5 X 10* PBMCs/flat-bottomed 96-weU plate). 
Assays were performed on fr«h PBMCs. Spots were evaluated 
and counted u$lr>g a ^)ecial computer-assisted video imaging analy- 
sis system (Carl Zeiss Vision) as described (16). _ ■ 

&!/niquant/fatrve Assessment of CTLPrecur^ The multiple 
mlcroculture method developed by Romero el ^. (17) vsras used 
to obtain a semiquantitative assessmertf crf^CTLp (precursore) spe- 
cific for Mage-3A1 peptide. AUquots of frozen PMBCs were 
thawed and assayed togetiier. CDS* T cells were Isolated with 
magnetic mkrobeads (MACS^ separation columns; Milteriyi Bio- 
tec) and seeded at 10*/weU in 96-weU round-bottomed plates in 
RPMI 1640 with 10% heat-inactivated human SCTum, The CDS" 
PBMCs were pulsed wltii peptide Mage-3A1 or the Irifluenza 
PBl control p^tide VSDGGPNLY (10 |tg/ml; 30 min at room 
temperature), irradiated (30 Gy from a cesium source), and added 
as an APC population at lO^/weU togetiier with IL-Z (10 lU/ml 
final) and IL-7 (10 ng/ml final) in a total volume of'200 >U/weU. 
On day 7 100 fresh medium was substituted, and peptide 
Mage-3A1 or PBl (1 Hg/ml final) and IL-2 (10 U/ml) wras 
added On day 12. each mlcioweU vws divided into three equal 
samples to test <ytolytic activity in a 8**™^*"* i;** "^VJ^^^f^ 
assay on peptide-pubed (10 >tg/ml for 1 h at ST^Q T2AI cells, 
nonpulsed T2A1 cells, and K562 target celU. respectively. AU of 
the assays were performed vMi an 80-fold excess of nonlabeled 
K562 to block NK activity. MlcroweUs were scored positive if 
lysis of T2A1 targets with peptide minus lysis wUhoiA peptide 
was al2% and this specific lysis was greater tiian or equal to 
twice ti^ lysis of T2A1 targets without peptide Plw *^« de- 
scribed (18). We aimed at testing 30 mlcrowells of 10* CD8 T 
cells. Therefore. 1/30 positive wells equals atjt^ one CTLp In 
3 X 105 (l.e.. 30 welU at 10* CTl4> per well) CD8* T celb (cor- 
responding to ^^3 X 10* PBMCs). 

DTH DTH to Mage-3A1 peptide was assessed by intra- 
dermal injection at two sites of each 3 X 10* Mage-3A1 peptide- 
loaded DC In 0.1 ml PBS. Negative controls were nonpulsed 
autologous DCs In 0.1 ml PBS and 0.1 ml PBS. DTH toj«ven 
common recall antigens (Multitest Merteux) Jndudlr^ TT and 
tuberculin was performed on visits 1. 5. and 8 fTable U). 

Assessm&it and Analysis of Tirnior Tissue 

For recruitment into tiie study. Mage-3 gene expre^n In at 
least one metastatic deposit had to be demonstrated by RT-PCR 
as described (14). Accessible superficial skin metastases were re- 
moved whenever posslWe after tiie vacdnattons and subjected to 
Mage-3 RT-PCR as weU as routine histology and immunohis- 
tology (to charaaerte ccUular Infiltrates). 

Statistical Analysis 

For analysis of ttie Immune response, pre- and postimmuniza- 
tion values were compared by paired t test after logaritiunlc trans- 
formation of ti« data. Significance was set at P < 0.05. 



Results 

Patient Characteristics 

AU 13 patients were HLA-A1+, had proven Mage-3 
mRNA expression in at least one excised metastasis, and 
suffered from advanced stage IV melanoma. I.e.. distant 
metastases that were progressive despite chemotherapy and 
in some cases, chemoinununotherapy (Table I). We offered 
DCs to aD patients who fulfilled the inclusion and exclusion 
criteria i.e., we did not select for subsets of patients. Two 
patients (numben 01 and 03) succumbed to melanoma af- 
tCT two and three vaccinations, rcspectivety, 11 patients re- 
ceived an five planned DC vaccinations in 14-d intervals 
(Table II) and were thus fiiUy evaluableJ 

Quality d the Vaodne 

All vaccine preparations were highly enriched in mature 
DCs. More than 95% of the cells were large and veUed in 



appearance, expressed a characteristic phenotype by flow 
qrtometiy (HLA-DR*-^^CD86+-^*CD40+CD25^CD14-). 
and acted as strong stimulators of an MLR at DC/T cell ra- 
tios of ^1:300 (13). Most (mean 80%) expressed the CD83 
mature DC marker (19). These features were stable upon 
removal of cytokines and culture for one to two more days 
(13). The DCs were pulsed with Mage-3A1 peptide as a tu- 
mor antigen and TT or tuberculin as a recall anUgen. The 
latter were internal controb for Immunization and posslbty 
provided help for CTL responses (20). 

Taxfcfty 

No major (above grade H) toxicity or severe side effects 
were observed In' any patient. Including the two paUents 
who were not fiiHy evaluable. We noticed, however, local 
reactions (eiythema, Induration, pruritus) at the Intracuta- 
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neous vaccination sites that increased wW. the number of 
vacdnattons. In 9/11 patients, strong DTH reactions (In- 
duration > 10 mm in diameter) were noted to DCs cany- 
ing a recall antigen (Fig- 1). Elevation of body temperature 
Conide I and U fever) was observed in most (9/1 1) patients 
s«d was also «slated to pulsing DCs wlti» recall antigen. 
The most striking example was patient 02. who progres- 
sively developed fever (up to upon successive vacci- 
nations but did not show a rise in body temperature when 
TT was omitted for the final (fifth) vacdnaOon. We observed 
sUght lymph node enlargement, clinically In 63% and by 
sonography in 83% of patients, after the intracutaneous DC 
injections. Interestingly, these were delayed, being Inappar- 
ent during the 2 d of monitoring after vaccinations but de- 
tected vAien patients were Investigated again the day before 
the next vaccination (Table 11). 




Inmaundaglal Responses 

Boosdng(^RecaUAnUgea-^>eciBcIimmmity. PBMCs tiiat 
had been fixwen before vaccination and 14 d after vaccina- 
tion 5 were thawed and assayed together, as specified in the 
protocol (Table II). In most patients, a sigjjflcant boost of 
antigen-spedflc immunity developed to TT (and tubercu- 
lin in patient 10) (P< 0.004; Fig. 2). Supernatant from the 
proliferative assays contained large amounte of (mean 
1 679 pg/ml. range 846-4.325) but Uttk IL-4 (IFN^/IL-4. 
3i7i) In five patients, vw studied the kin^ of the immune 
response to TT by IFN-y ELISPOT analysis, We found «j 
increase after the intiw:utaneous vaccinations (P < 0^0^ 
but a peculiar decrease after the Intravenous vacdnations (f* < 
0 008- Fig 3) Thus, comparing recaU immunity before and 
after all fhre vacdnattons (Fig. 2) as prespecified in the protocol 
(TaUe 10 obvious^ underestimated the extent of boosting. 
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Flgun 1. Locrfre«alom to Da CKty»r«K4»ge-3Al peptide mdTT 
K the imrademttl end lubcuteneous vwxtaadon ittsi In patient W h 
dter v«ccinaflon 2: top p»nd) end 02 (48 h efter v»ccin«ton 3: bottom 
paneO. Eiythem. et the 10 tntredetmal Oe«^ md 2 lubcimneoui (ri^ 
vacdnaUon tites wes-JbUowed by IndunUon >10 mm In diameter (with 
iecondaiy purpura In patient 02). The«e local reactlom tepresent ««rong 
DTH reaction! to DCs canylng TT. ai aich mong reacHom did not oc- 
cur in response to unpulsed DCi or DCa pubed vrtdi Mage^SAl peptide 
akmelnDTHteml-ffl CTable D: reicttoni not shown). 




/ after 



before 



«13 



Figure 2. Recan «ttl8en-*~ifc t''*^^ 

^ ifi 7i;Q tn oadfint 05, 7.913 in pattott 06, l6,3o7 In patient \Jt, 

in Mtlent 1 3 PEM for an measurementi was <Z09Q . Pattotts 08 and 11 
could not be evaluated due to thortage erf cdb ate thertpy. 



Expansion Of Mage'SAl-spedficCTLp, AUquots of 
PBMCs, frozen before the first and after the third and fito 
vaccinations, were thawed at the same time (Table II) and 
subjected to a semiquantitative recaU assayfor CTLp (refer- 
ence 17- Fig 4). Before vaccination. CTLp frequencies 
were lovi or undetectable. In 8/11 patlente^e found a sig- 
nificant expansion of Mage-3Al-specific CTLp as indicated 
by the inaease (mean, eightfold; P < 0.008) of positive 
mlcrocultures In the multiple mlcroculture P^^^^^";?- 
Dloved for the semiquantitative assessment of ClLp 
Interestingly. In six patients, the CTLp frequencies were 
maximal after the three Intracutaneous vaccinations < 
0.0013) but then decreased after the two ^^^Itlonal^intia^- 
nous vaccinations In aU but one of these patients (P< 0.026). 
Only in 1/11 patients did we observe an Increase of ClLp 
to an irrelevant PBl Influenza peptide that served as a spec- 
ificity control (not shown) . 



EUSPOT Analysis /or IFN-y-nleasing. Mage-SAl'spednc 
T Celis. We also tried to detect Mage-3A1 -specific CTL 
effectors in uncultured fresh, nonfrozen PBMCs by per- 
forming EUSPOT analyses at 14-d intervals on aU patients. 
A significant increase of Mage-3Al-reactive IFN-7 spot- 
forming cells was apparent only in patients 07 and 09 after 
the first and second vaccinations, respectively, but the fre- 
quency of Mage-3Al-speclfic effectors was very high 
(f^S 000 and 10.500/10^ CD8+ T cdls; not shown), 

OmTesttoMag^SAlP^t^-badedDCs. TestsofDTH 
to Mage-3A1 peptide-loaded DCs yielded eiytiiema and/or 
Induration (>5 mm diameter) in 7/1 1 patients (not shown). 
The results were, howevw^, equivocal due to the frequently 
observed background to nonpulsed DCs (up to 10 mm In 
diameter) and tiie yariablltty from test dte to test site. 

Clinical Responses 

At die end of tiie trial, I.e.. ^^2 wk after tiie fifth vaccina- 
tion (Table ID, we observed temporary growth cessation of 
some Individual metastases, but more intrlgulngly. In 6/11 
patients, complete regression of Individual metastases in 
skin, lymph nodes, lung, and Uver fFable I and Fig. 5). 
Resolution of skin metastases was found In three patients 
(Table I, patients 06. 07. and 08) and In two of tiiem (06 
and 07). it was preceded by local pain. Itching, and slight 
erytiiema. The sbc regressing skin lesions of patients 06 and 
07 (Table I) were also excised and examined by Immuno- 
histology. Clusters of CD8* T cells were seen around and 
In the tumor, the latter often necrotic, suggesting an Im- 
mune attack (Fig. 6). 

In patients 06 and 08, tiie metastases excised at study 
entry (four and two. respectively) proved to be Mage-3 
mRNA'*'. However, ail of the samples removed at the end 
(two and sbc, respectively) were Mage-3 mFlNA-, suggest- 
ing immunoselection for antigen-negative tumor ceils. Re- 
markably, significant Infiltration of CD8+ T cells was not 
found in any of these lesions. 



Discussion 

In deciding on the source of DCs for this phase I trial, 
we selected mature, monocyte-derlved DCs for tiie follow- 
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Fisurc3. Kinetic anatyria of immunity to recall antigens 
as assessed by TT-spedBc IFN-7 EUSPOT (SEM for aU 
measurementi was <20%). Blood was drawn ^Table 11. 
Study DeslgiO before the firtt DC vaccination and then ev- 
ery 14 d just before administration of the next DC vacci- 
nation (e.g., pre Vacc # 2 mean* Immediatdy iwfoft vacci- 
nation 2. U., 14 d after vaccination 1). and finally after 
therapy. Time points at which vaccinations were not per- 
formed lack bar*. Note the increase after the intracutane- 
ous vacdrutiom and the decline upon the two vaccina- 
tions after intravenous ones. Patient 10, who received 
tubertnjlln-pulsed DCs. ejdilhlted no significant change in 
the TT-speclflc IFN-7 El-ISPOT as expected. 
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Figure 4. Mage-3A1 CTLp frequency Mialytb «s «s- 
sesied by semiquantitative recall assay. The y-axis and the 
numbers above the ban indicate the percentage of positive 
weOs found befora vaccination 1. before vaccination 4 (14 d 
after vacdnatiDn 3), and after therapy (usuaUy 14 d after 
vaccination 5). 



ing reasons. Monocyte-derived DCs ctirrendy represent 
the most homogenous and potent DC populations with 
several defining criteria and quality controls (12, A^rf IJ- 
The method for generating production of these DCs is 
very reproducible and aUows the ciyopreservation of large 
numbers of cells at an identical stage of development (12, 
13). Furthermore, these DQ can be P^duced In the ab- 
sence of potentially hazardous FCS (12, 13, 21). PCS expo- 
sure also leads to large syngeneic T ceU responses in cul- 
ture, so their clinical use (11) might produce ^^P^j^^ 
immunosdmulatoiy effects. Unlike other Investi^tors (9-11), 
we chose to use mature rather than immature DCs for our 
first melanoma trial The DCs that have been used witfi ef- 
ficacy m animal experiments were primarily niaturejp. Oj. 
Mature DCs are much more potent In Inducing CTL aiid 
Thl responses In vitro (reference 22 and Jonulelt, H.. A. 
Gieseke. A, Kandemlr, L. Paragnlk, J. Knop, and A.H. 
Enk. manuscript In preparation), and tiie DCs are ^ resis- 
tant to tiie immunosuppressive effects of iL-lO 
can 6e produced by tumors (24-26). Mature DCs also 
display an extended half-life of antigen-presenting MHO 
da« I (26a) and class n molecul^ (27). FinaUy. imti^ 
DCs have a high migratwy activity (21) and express CCK7 
(28), a receptor for chemoklnes produced constitutively in 



lymphoid tissues (28). Mature DCs. as used in this cancer 
therapy trial, have recentiy also been shown to rapidly gen- 
erate brtad T cell immunity In healthy subjects (28), 

Mature DCs were loaded wltfi only or>e melanoma pep- 
tide. Mage-3A1. to avoid unc^talnties regarding loading of 
DCs with multiple peptides (11) of varying afBnlty and off 
rate. SuccessRil loading was verified with a Mage-SAl-spe- 
ciflc CTL done and ELISPOT analysis (not shovm). The 
Mage-3A1 peptide (15) was selected for several reasons. It Is 
essentially tumor ^>ecific (2) and expressed in tumors other 
tiian melanoma (2), and die Mage-3A1 epitope is likely a re- 
jection antigen (14), Moreover, the Mage-3A1 CTLp fre- 
quen<7 is exceeding low in noncancer patients (reference 
18; 0.4-3 per 10' CD8+ T cells) as weU as In cancer patients, 
even after peptide vaccination (14). Thus, any bxktction or 
boost of Nfage-3A1 CD8+ T cell re^nses wwiW indicate a 
significant superiority in the adjuvant capacities of DCs. 

DTH assays wltii peptide-pulsed DCs were carried but 
as described by Nestie et al. (11) to detect Mage-3A1 im- 
munity (not shown). However, we did not delect un- 
equivocal DTH. This was due to the frequency observed 
background to nonpulsed DCs (possibly due to cytokine 
production by DCs) and the noteworthy variability from 
test site to test site. As Mage-3A1 -specific T cells are CD8+ 




Figttre 5. Regression (arrovw) of a globular (13 
mm In dlameta) lung nwtastasU in patient 07 that 
was then no longer detectable In serial 6-tnm-thlck 
computed tomc^raphy ; 
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T cells and DTH assays typically detect primed CD4+ T 
cells, we suspect that DTH to MHC class I peptide-pulsed 
DCs may also for this reason prove not to be a sensitive or 
reliable way to monitor specific CD8+ T ceU-medlated im- 
munity. 

In contrast, we fourid sizable expansions of Mage-3A1- 
speciflc CTL precuraors in PBMCs from a majority (8/11) 
of patients (P < 0.008: Fig. 4). Tills Is an Important proof 
of the principle of DC-based immunization, and It Is also 
significant from the point of view that tumors can Induce 
tolerance or ancrgy. It Is very promising that CTLp expan- 
sions can be Induced in far advanced and heavily pretreated 
stage IV melanoma patients. However, active Mage-3A1- 
spedflc effectors were generaUy not observed In EUSPOT 
assays, except ioc in two patients with high frequencies 
(>5,000/10^ CD8+ T ccU^. Perhaps active CDS^^ effectors 
were rapidly sequestered in the numerous metastases, as 
suggested by the biopsy studies IHustrated In Fig. 6. An al- 
ternative explanation is that looking for effectors in periph- 
eral blood 14 d after a preceding vaccination might simpty 
be too late. 

Interestingly. In six patients. CTLp had increased to their 
highest leveb after the three intracutaneous vaccinaUons 
(P < 0.0013) and then decreased (P < 0,026) with subse- 
quent Intravenous Immunizations (Fig. 4). The decrease in 
CTLp might be due to emigration of activated Mage-3- 
reactive CTLs Into tissues, tolerance Induction, or clonal 
exhaustion via the intravenous route. We also observed de- 
creased responses to recaU antigens in tiie five patients that 
we studied before and after intravenous vaccination (Fig. 3). 
The effect of the intravenous route requires additional 
study, as It may be counterproductive. In contrast, our re- 
sults clearly demonstrate that tiie intracutaneous route is ef- 
fective, so Uwt the less practical intranodal injection propa- 
gated by otiier investigators (11) does not seem essential. It 
will, however, be necessary to compare subcutaneous and 
intradermal routes to find out if one Is superior. 



We found regression of individual metastases in 6/1 1 pa- 
tienb when patients v/ere staged 14 d after the fifth vacci- 
nation (Table I). This percentage of responses was unex- 
pected in far advanced stage IV melanoma patients v^o 
were all progressive despite standard chemotherapy and 
even chemoimmunotherapy. In the study by Nesde ct wL 
(11). chemotherapy was only given to 4/16 melanoma pa- 
tients, and objective tumor responses were observed In 
5/16. Therefore, we attribute the regressions to DC-medi- 
ated induction of Mage-3Al-speclflc CTLs, This Interpre- 
tation Is supported by the heavy infiltration vfith CDi^ T 
cells of regressing but not noru-egresslr^ (skin) metastases. 
The observation that all of the metastases in patients 06 and 
08 that were excised at the end of tiie study were Mage-3 
mRNA" (whereas those removed at the onset were uni- 
formly positive) suggests immune escape of and selection 
for Mage-3 antigen-negative tumors. Irmnune escape 
might also have been responsible for the lack of tumor re- 
sponse in those nonresponders that had mounted a Mage- 
3A1 -specific CTL response. 

After the end of the trial, surviving patients received fur- 
ther vaccinations with DCs and several tumor peptides 
(Mage-1, tyrosinase, and Mage-3) that were no longer part 
of the iwotocoL It is encouraging that 5/1 1 patients are still 
alive CTable 0 9-17 mo after study entry, as the expected 
median survival in patients progressive after chemo(im- 
muno)tiierapy is only 4 mo (29. 30). One of the initial re- 
sponders (patient 06) has recently experienced a complete 
response and has now been disease free for 2 mo. It is inter- 
esting that Marchand et al. (14) have also observed that re- 
gressions, once they have started, proceed slowly and may 
take months to complete. 

In conclusion, the use of a defined DC vaccine com- 
bined writh detailed immunomonltorlng jMovides proof that 
vaccination with mature DCs expands tumor-specific T 
cells in advanced melanoma patients. In addition, we have 
found some evidence for the direct interaction between 
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r^t3^at th? of the DC. e.g.. by op^mizing by treating patients earlier in their disease course. 
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